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General and Physical Chemistry. 


Influence of Ultra red Characteristic Frequencies on the 
Coefficient of Hefractivity in the Visible Portions of the 
Spectrum. J. VJmmer (Physikal. Zeitsch 1918, 19, 4-83—486). 
—A mathematical paper, in which it is shown that the relationship, 
which may be deduced from the Drude theory and the work of 
Dehlinger, may bo used to calculate the influence of the ultra-red 
characteristic frequencies on the refractive index in the visible 
region. Further, the relationship gives a picture of the nature of 
the vibrations to which the characteristic frequencies are due. Cor- 
responding with the k relationship for solids with two atoms or 
atomic groups in the molecule, a similar k relationship may be 
deduced by analogous methods for liquid substances with three 
atomic groups as origin of the ultra-red characteristic frequencies. 

1 In the case of monohydric alcohols, it is shown that in the ultra-red 
ibsorption spectrum the wave-lengths of the superposed harmonic 
ibsorption region are related as the roots of the masses of the 
dbrating atomic groups. J. F. 8. 

Origin of Spectra. J. C. McLennan ( Proc . Physical 5oc., 
London, 1918, 31, 1 — 29).— The Guthrie lecture, in which the 
Modern views of spectroscopy are discussed along with the methods 
3 determination of spectra in the extreme ultra-violet. J. F. S'. 

Fundamental Frequencies in the Spectra of Various 
Elements. .J. C. McLennan and H. J. C. Ireton (Phil, Mag., 
918, [vi], 36, 461—471). — It is shown that when zinc and cad- 
vol. exvi. ii. 1 
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w ith the second order spectrum. The intensity of the lines is 
indicated, as also is the presence of doublets, reversed lines, and 
broadened lines. ‘ J. F. S. 

The Arc Spectrum of Zirconium, Measured in Terms 
of the International Normal. W. Vahle ( Zeitsch . wiss . 

l J hotochem. } 1918, 18, 84 — 137).- — The arc spectrum of zirconium 
lias been measured by means of a concave Kowland grating 6*34 
metres in diameter and ruled with 787 lines per mm. Zirconium 
nitrate was vaporised in a carbon arc and the spectrum photo- 
graphed. Long lists of the lines measured are given over the range 
2285 ' 22 9 pp — 7169044 pp, and these are compared with the 
measurements of Bachem. An accuracy exceeding O'OOS pp is 
claimed for the stronger lines. The measurements were made with 
the second order spectrum for wave-lengths below 5658 pp and with 
the first order spectrum for larger wave-lengths. J. F. S. 

Absorption Spectra of [some Derivatives of cyc/oPropane. 
Emma P. Carr and C. Pauline Bust (J. Amer . Ghem. Soc 1918, 
40, 1590—1600). — In order to investigate further the effect of ring- 
formation on absorption spectra, the authors have examined a 
number of cyclopropane derivatives, their ethylenic isomerides, and 
the corresponding open-chain compounds. The series includes 
(1) methyl y-benzoyl-jS-phenylethylmalonate, methyl 3-benzoyl-2- 
phenylcycZopropanedicarboxylate, and the two isomeric methyl 
0-benzoyl-y-phenylvinylmalonates; (2) methyl anisoylphenylethyl- 
malonate, methyl 3-anisoyl-2-phenylcycfopropanedicarboxylate, and 
the two isomeric methyl #-anisoyl-y-phenylvinylmalonates; (3) 
methyl benzoylph$nylpropylmalonafce and the "isomeric methyl 
benzoyl - 2 - phenyI-3-methylcycZopropanedicarboxylates ; (4) ay-di- 
benzoyI-0-phenylpropane, 1 : 3-dibenzoyl-2-phenylcyc/opropane, and 
1 : 3-dibeuzoyl-2-phenylcyc^opropene. (For preparation of these 
compounds, see Kohler and Conant, A., 1917, i, 566, 568.) 

The authors find that the character of the absorption is closely 
related to the form of linking of the three central carbon atoms, 
and distinct differences in the absorption spectra of the correspond- 
ing cyclic, open-chain, saturated, and olefinic compounds are shown. 
In each series the cyclic substance shows an absorption quite similar 
to that of it9 open-chain analogue, but in every case the general 
absorption is greater. Evidently closure of the ring increases the 
absorptive power of the molecule. 

Ring-formation in the cycfopropanes causes a shifting of the 
absorption towards the visible end, but to a less extent than in the 
case of the isomeric ethylenic compounds. These facte justify the 
conclusion that the cyclopropane ring is a centre of residual affinity 
similar in character, but intermediate in quantity to that of the 
double linking, and as such can form a conjugated system with a 
carbonyl group in the proper position. 

The absorption spectra of four pairs of geometrical isomerides 
have been determined; in each pair the isomeride of lower m. p. 

1 * 
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gave slightly greater general absorption and the isomeride of higher 
rn. p. the greater tendency toward selective absorption. H. \V, 

Influence of Substituents of Reactions. III. Influence 
o! Substituents on the Colour of Benzene Picrate. Haktwic 
Franzen (J. pr. Chem., 1918, [ii], 98, 67 — 80). — The problem has 
been previously investigated in a series of experiments on the rate 
of reduction of substituted phenylhydrazines (A., 1918, i, 456); 
as data can only be slowly accumulated in this manner, the author 
has sought a more convenient method, and has examined the ab- 
sorption spectra of a series of picrates of benzene and its deriv- 
atives, He is led to the following conclusions : A relationship exists 
between the influence of a substituent of the first order on the rate 
of reduction of phenylhydrazine and on the colour of benzene 
picrate; a substituent which increases the rate of reduction of the 
hydrazine deepens the colour of the picrate. The activity of the 
substituent depends on the degree of unsaturation of the atom 
united to the ring carbon atom ; depth of colour increases with the 
degree of unsaturation. If the latter is decreased by introduction 
of another atom, the colour becomes brighter. Among the picrates 
of benzene derivatives with substituents of the first order, the meta- 
compounds are always the least and the para-compounds the most 
intensely coloured ; ortho-coin pounds occupy an intermediate posi 
tion, and are only slightly darker than the meta-compounds. 

H. W. 

Phenomena of Luminescence in Pyrazoline Derivatives. 

Fritz Straus [with Carl Muffat and W. Heitz] ( Ber 1918, 51, 
1457—1477). — See this vol., i, 41. 

Chemiluminescence. I. Lifschitz (Hdv. Chim. Acta, 1918, 
1, 472 — 474). — A preliminary account of work which is not yet 
completed. 

Organomagnesium compounds of the type RMgX are very suit- 
able for the study of chemiluminescence. Moeller (Arch. Phanmc'i 
Chemi, 1914) has shown that the phenomenon only occurs with 
aromatic substances. It is now found that the difference between 
the aromatic and aliphatic compounds depends on the relative 
stability of the etherates; all ether-free Grignard reagents emit 
light in the presence of oxygen or nitrous oxide, but not of nitric 
oxide, nitrogen peroxide, carbon dioxide, and water. The additive 
compounds of organomagnesium substances with dimethylaniline are 
faintly luminescent r.i oxygen, but only in the case of aromatic 
derivatives. 

The thermochemistry of the gradual addition of ether to suspen- 
sions of Grignard 's reagents in benzene has been studied. With 
aliphatic reagents the greatest development of heat occurs when the 
first two molecules of ether are added, and very little heat is 
developed after the addition of four molecules; with aromatic 
reagents, on the other hand, the greater part of the heat is not 
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developed until four molecules of ether have been added, and 
further addition produces a still considerable effect. H. W. 


Light Scattered by Gases ; its Polarisation and Intensity. 

The Hon. R. J. Strutt (Proc. Roy. Soc 1918, [A], 95, 155—176)'. 
— The light scattered at right angles by gases and vapours is not 
completely polarised. The vibrations parallel to the existing beam 
have always an appreciable intensity, which in ordinary cases varies 
from 1*2% (pentane) to 14% (nitrous oxide) of the intensity in the 
perpendicular direction. Helium is an outstanding case, polarising 
far less completely than any other gas. The measurements give an 
intensity in the parallel component nearly half as great as that in 
the perpendicular component. Theory indicates that this is the 
ratio to be expected if vibration in the helium atom is limited to a 
lirection fixed within the atom, on the assumption of random 
jrientation to the exciting light. Such an atom is the antithesis 
)f the spherical atom or molecule which would give perfect polarisa- 
tion. The intensity of scattering by the different gases tried varies 
is the square of the refractivity, within the limits of experimental 
srror. Saturated vapours, even when very dense, show no increase 
ff scattering power beyond what is expected from the density, 
.f molecular aggregates are formed they are not numerous enough 
-o show by this method. Liquid ether apparently scatters about 
even times less light than a corresponding mass of ether vapour. 

J. F. S. 


Rotation Dispersion and Inversion of 1 Menthone. 

Iermann Gross mann and Kurt Brauer (J. pr. Chem 1918, [ii], 
9 66). — The rotation dispersion of knenthone has been deter- 
mined for a large number of solvents at 20°; the specific rotation 
for c = 5) varied from -13° to -25°, and from -35° to -60° in 
sd and violet light respectively. The dispersion-coefficient, 
lay between 216 and 2*80. Certain d-menthones have 
een obtained by inversion of knenthone by concentrated sulphuric 
cid, according to Beckmann's method ; determination of their dis- 
persion-coefficients proves that they are not optical antipodes of 


The rotation dispersion of knenthone after being boiled with 

rr ac 5 d ! h f S been investi S a te d in the actual solutions, which 
ere found to be dextrorotatory, and the observations have been 
" by camming the rotation dispersions of the menthones 
grated from such solutions either by water or by distillation. The 

etT™ l a L b ! tween 3 ' 12 and 3 * 67 for the solution and 

-main l 3 25 ! D x 3 68 for the 9e P arat ed menthone. 7-Menthone 
; * tev °retatory after being boiled with acetic anhydride; the 

bnormanv°i effiC n n To 0f dissolved aud separated menthone is 
IMI ° W ^ 73 and 2'01 respectively), 
r ulf e * hibits nmtarotation when dissolved in formic acid 
omoTorm ; the inversion in concentrated sulphuric acid solution 
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has been polarimetrieally examined, and mutarotation has been 
observed. 

The rotation-dispersion of /-menthone in alcoholic potassium 
hydroxide and hydrochloric acid solution has been investigated ; the 
rotation is immediately positive, and is unchanged by heating. Th e 
value [&]»/[«]»• is unusually high, amounting to 4'35 or 3*87 for solu- 
tions and 5 07 or 5*57 for the separated menthones. When d-men- 
thone is dissolved in alcoholic potassium hydroxide, the rotation 
falls noticeably, thus differing from its behaviour in formic and 
sulphuric acids, in which the rotation remains constant. 

The gradual inversion of /-menthone at its boiling point has been 
investigated by a study of the rotation dispersion. An instance of 
abnormal rotation dispersion is here encountered, and the occur- 
rence of a definite end-point, which is not altered by protracted 
heating, is established. The same end-point is reached more rapidly 
if d!-menthone is used as initial material. The dispersion -coefficients 
at first decrease, then increase, and become infinitely great at zero, 
and subsequently sink until the value 3‘47 is obtained; this value is 
exhibited by the so-called cf-menthone. 

The optical behaviour of d-menthones has been examined in a 
number of solvents ; the specific rotation is found to be invariably 
increased in solution, whilst that of /-menthone is depressed. The 
dispersion-coefficients varied from 3*13 to 3’26. 

The intra-molecular transformation suffered by /-menthone when 
heated appears to depend on desmotropy, equilibrium between the 
ketonic and enolic forms being slowly attained. 

Inversion of /-menthone by various solvents is attributed to the 
additive or substitutive action of the latter, and the formation of 
//-menthone is due to a type, of Walden inversion, this substance 
being formed by decomposition of intermediate products which are 
probably only stable in solution. 

The influence of solvents on the specific rotation of optically active 
substances is due to reactions occurring between solvent and solute, 
for which the alteration in rotation is a particularly sensitive indi- 
cator. * H. W. 

Law of Blackening of Layers Sensitive to-Light. F. Halu 
and A. Schuixee (Zeitsch. physikal, Chem 1918, 93, 173 — 182). — 
In a previous paper (Zeitsch. wiss. Photochem 1912, 11) a rela- 
tionship was put forward between the depth to which a film sensi- 
tive to light is darkened by light and the time of exposure. The 
relationships are now exactly and mathematically formulated. 
The calculations are extended to the case where the film lies on a 
reflecting base. The scattering of light is insufficient to explain 
the peculiarities observed in the blackening curves. The reflection 
of the base is shown to change, not only the depth of the blacken- 
ing, but also the definition of the picture, J. F. S. 

The Radioactive Properties of the Mineral Springs of 
Colorado, 0. C. Lester (Amer. J. Sci, 1918, [iv], 46, 621 — 637). — 
The emanation content of more than 100 spring waters from Colorado 
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has been measured, and also the radioactivity of numerous samples 
of spring deposits. A high average activity of the waters was 
found, the most active examined showing the highest activity of anv 
in the United States and surpassed only by a few foreign springs. 
For five springs the emanation content exceeded 100 (curies x 10~ 10 
per litre), the highest being 305, and ninety-five springs exceeded 10. 
Of the latter, 75% were in or near metamorphic and igneous forma- 
tions, but some of tlie most active were in sedimentaries. Thorium 
emanation was detected in only one spring. No springs of extra- 
ordinarily high emanation content were found, and although radio* 
active ores are abundant there are no large springs found near 
them. The measurements were for the most part carried out in the 
field by boiling out the water by Boltwood’s method. F. S. 

Thorium-Lead. Kashmir Fajans, F. Richter, and (Frl.) J. 
Rauchenberger (Sitzitngsber. Heidelberger Akad. TTm., 1918, 
pp. 28; from Chem. Zentr. r 1918, ii, 438 — 439). — According to 
theory, in addition to ordinary lead, there must be at least two 
members of the lead series with different atomic weights; on the one 
hand, radium-# or radium-lead, the final product of the uranium- 
radium series with an atomic weight 205 '94, and, on the other, 
thorium-lead (Th-Z)) t the atomic weight of which is calculated from 
that of thorium to be 208' 08. Radium-# would be expected to 
occur in uranium minerals free from thorium, whilst thorium-lead 
must be looked for in thorium minerals free from uranium. The 
problem of isolating the latter is rendered difficult by the fact that 
thorium minerals free from uranium do not exist, whilst those poor 
in uranium are scarce. A mineral is unsuitable for investigation 
if it does not contain at least 4 — 5 times as much thorium as 
uranium, provided that thorium-lead and uranium-lead are either 
completely stable elements or have an approximately equal life 
period. The lead content of certain thorium minerals appears to 
point to the conclusion, however, that thorium-lead is relatively 
unstable, thus adding to the difficulty of its isolation. 

The authors have examined a sample of thorite containing 3OT0% 
of thorium, 0*44-0-45% of uranium, 0*35% of lead, in addition to 
unestimated amounts of silica, iron, rare earths, and traces of bis- 
muth. The mineral was treated with fuming hydrochloric acid in 
glass flasks, in which decomposition is effected far more rapidly than 
in porcelain dishes. The solution was evaporated to dryness and 
the silica removed. Before precipitation of lead with hydrogen 
sulphide, the ferric iron was reduced to the ferrous state by means 
of hydroxylamine, and subsequent operations were conducted in an 
inert atmosphere. The lead was precipitated as sulphide, and con- 
verted first into the chloride and then into the sulphate, of. which 
4 pams were obtained. The mean of three analyses (performed by 
Honigschmid) gave as atomic weight 207'90 ±0*013. On the sup- 
position that uranium-lead and thorium-lead are perfectly stable 
e ements, the whole of the lead separated from the thorite taken 
should have an atomic weight lying between the limits 207*97 and 
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208 00 if the atomic weight of thorium is taken as 232T2, that of 
helium as 4*00, and that of thorium-lead as 208‘08. When the 
slight experimental and theoretical uncertainties are taken into con- 
sideration, the agreement between the practical (207-90) and theo- 
retical (208*00) values may he regarded as satisfactory, and there 
is therefore no good reason for supposing that thorium-lead is not 
a stable element. If the slight discrepancy is actual, it is probably 
to be explained by the presence of ordinary lead (atomic weight- 
207*2) ; if, however, it is to he ascribed to the instability of 
thorium-lead, the lower limit for the half period of the element 
regarded as a uniform material is calculated to be 1*7 x 10 8 years. 
In any case, the existence of thorium-lead, obtainable in weighable 
amount and with an atomic weight approximating to 208‘0. is 
placed beyond doubt. H. W. 

Electrochemical 'Behaviour of Metals. A. Smits (Proc. 
K, Akad. Wetensch . Amsterdam, 1918, 21 , 158 — 171). — A theoreti- 
cal paper, in which the relationships and equilibria between metal 
atoms, ions, and electrons are considered in the case of attackable 
metals (zinc) and non-attackable metals (nickel V These relationship 
are considered with regard to the potential difference between the 
metals and solutions of their ions and to the action of acids on the 
metals. In the first place, the consideration deals with equilibrium 
and velocity of the changes, both being considered in connexion 
with the Nernst solution theory, and in the second place the rela- 
tionships are dealt with on the basis of the phase rule, A# diagrams 
being evolved for the case of zinc and nickel as representing attack- 
able and non-attackable electrodes. J. F. g. 

Passivity of Chromium. III. A. H. W. Aten (Proc. K. 
Akad. 'Wetemch. Amsterdam , 1918, 21 , 138 — 150. Compare A.. 
1918, ii, 183, 193). — A theoretical paper, in which the reasons for 
the activation of passive chromium by cathodic polarisation are 
discussed. ‘ J. F. S. 

Activation of Carbon Monoxide by Metallic Copper, the 
Generator Gas cell and the Electromotive Activation of 
Alkali Formates. K. A. Hofmann (Ber., 1918, 51. 1526—1537). 
—The author’s discovery (this vol., ii, 23) that carbon monoxide 
in the presence of oxygen is rapidly oxidised to carbon dioxide at 
the ordinary temperature at a copper surface moistened with art 
alkali hydroxide has ei±< hied him to realise the generator gas-cell, 
OdCii I alkali [Cu J CO. and the drawbacks common to most of such 
cells have been overcome (subject of a censored patent). The 
E.M.F. (CO > CO, 2 ) is found to he T32 volte at 20°, which com- 
pares well with the value 1*343 volts at 17°, calculated by Nernst 
and von Wartenberg from the dissociation of carbon dioxide. The 
present paper deals with the purely scientific aspect of the problem. 
It is shown that the activation of the carbon monoxide is not due to 
the formation of an alkali formate. The suggestion is made that 
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a labile iaoformate, OH*C*OK, is produced j its formation is only 
minimal at the ordinary temperature when carbon monoxide and an 
alkali alone are present, but is stimulated in the presence of copper 

C. S. * 

Dissociation of Strong Electrolytes . Niels Bjerrum (Zeitsch. 
tffoktrochem., 1918, 24, 321 — 328). — A theoretical paper, wherein 
an hypothesis is developed according to which the strong electrolytes 
are completely dissociated. Because of the electrical forces between 
the ions, these electrolytes exhibit decreasing osmotic pressure, con- 
ductivity, and activity with increasing ion concentration. These 
decreases can be expressed by means of three numerical coefficients. 
A thermodynamic relationship between the activity and osmotic 
coefficients is developed and an approximate formula for the activity 
coefficient is worked out. The activity-coefficient possesses consider- 
able chemical interest, and methods are outlined by means of which 
it may be determined, and in this connexion it is’ shown that the 
so-called neutral salt action, the anomalies of strong electrolytes, 
and the catalytic action of undissociated molecules only occur 
because the conductivity-coefficient, has been used in calculations 
where more accurately the activity-coefficient should have been 
employed. J. F. S. 

Ionic Migration in Liquid Crystals of Hydrated Am 
monium Oleate. O. Lehmann (Ann. Physik., 1918, [iv], 57, 
244 — 256 ). — The changes effected in the appearance of liquid 
crystals of hydrated ammonium oleate under potential differences 
of 0 — 100 volts have been studied microscopically and with the aid 
of crossed nicols. The liquid crystal was contained in a capillary 
of 0*06 cm. diameter, and contact made with two platinum elec 
trodes by means of a drop of ammonia solution saturated with am- 
monium chloride. The appearance at the electrodes, using various 
potentials, is described, and it is shown that the main cause of 
the observed phenomena is the re-formation of the hydrate of am- 
monium oleate from the ions which have migrated from the tube, 
and the taking up of these by the molecules present. J. F. S. 

Mechanism of Cathodic Metal Separation . V. Koiilschctter 
and E. Vuilleumier ( Zeitsch . Elektrochem ., 1918, 24. 300—321). 
—The electrolytic deposition of nickel from various solutions and 
under a series of different conditions has been studied with the 
object of finding an experimental connexion between the chemical 
polarisation and the form of electrolytically deposited metals. To 
ascertain this, the characteristic internal tension, which electrolytic 
nickel possesses, was investigated by depositing the metal on a 
platinum sheet and following the bending of the sheet. By this 
means it is shown that from the first moment the deposit undergoes 
a contraction which increases with further deposition. Conse- 
quently two processes must occur successively: first the formation 
of a film on the cathode, followed by a ^contraction of the film. 
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When the nickel is dissolved from such a contracted cathode the 
metal of the cathode returns to its original form. Consequently, 
the amount of bending corresponds with an equilibrium position, 
and the observation of the bending with time under stated condi- 
tions leads to characteristic curves. The process is dependent on 
the current density, and the composition of the electrolyte. It is 
strongly influenced by the addition of other substances to the elec* 
trolvte, and is less in solutions which cause an evolution of hydro* 
gen, and also when the deposit is fine grained. When an already 
bent cathode is charged with hvdrogen it straightens out again, but 
if the current is interrupted at this stage, the hydrogen is set free 
and the cathode takes up its original bent form. In solutions which 
do not evolve hydrogen the contraction occurs in jumps, which 
have the characteristics of delayed effects. The whole effect prob- 
ably is due to the fact that the metal is at first deposited in a 
"highly disperse form, and then the particles sinter with the forma- 
tion of a denser material. This probably occurs along with the 
formation of a gas layer on the cathode, which plays the part of a 
dispersion medium. Since the electrolytic solution pressure of the 
highly disperse form is necessarily greater than that of the denser 
metal, this view explains the increase in the deposition potential 
above that of the ordinary metal. J. F. S, 

The “Curie Point " of Pure Iron and Ferrosilicon. 

A. Sanfourche (Oompt. rend., 1918, 167, 683 — 865). — It was 
shown by Curie that at about 1280° the magnetic property of iron 
was suddenly increased, in the ratio of about 3 to 2, and he termed 
this state of iron between 1280° and its melting point-, 5. Pure iron 
prepared by the author melted at 1515°. and when slowly cooled its 
magnetic property suddenly changed at 1310°, whilst, on re-heating 
the iron, the break in the curve occurred at 1365°. This critical 
point is the “Curie point,” A 4 . The temperature at which it is 
shown is rapidly, though slightly, lowered by the addition of silicon 
in amounts up to 1% (1281°) ; above that amount the magnetic 
change is smaller, and with amounts of silicon in excess of 2*5% 
(1195°) is no longer perceptible. C. A. M. 

A Relation between Boiling Points at One Atmosphere 
and in a “Vacuum.” W. P. Jorissen ( Zeitsch . anorg. Chcm 
1918, 104, 157 — 162). — Since the critical temperature of any sub- 
stance is approximately equal to twice the boiling temperature 
(absolute) in a vacuum (.JO mm.) and to 1*55 times the boiling tem- 
perature at atmospheric pressure, it follows that the ratio of the 
two boiling temperatures, T mtnWL) jT a alm> is a constant, equal to 
0*78. This ratio is shown to be constant for a large number of 
substances, both organic and inorganic. The constancy of the ratio 
can be deduced from van der WaaVs vapour pressure formula and 
from the results of a number of independent workers. E. H, B. 
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Intent Heat of Fusion as the Energy of Molecular Rotation. 

Kotaro Honda (Sci. Rep. Tohuku. Imp . Univ ., 1918, 7, 123—130). 
_-A theoretical paper, in which the author develops the equation 
u!\lT m =nEnnfiTmt in which T n is the melting point in absolute 
decrees, E is the molecular energy belonging to each degree of 
freedom of the molecules, and n= 2 or 3. This equation is tested 
by evaluating both sides and comparing the results for a number of 
elements. The equation is based on the assumption that during 
melting very little energy is required for internal or external work, 
and the numerical results show that for elements of group I this 
assumption is fully justified. In the case of a second group of 
elements which includes bismuth, tin, iodine, gallium, bromine, and 
chlorine, the values of w\IT m are much greater than those for 
nE Tm /2T m . In the case of compounds, agreement between the two 
sides of the equation can be obtained if n is taken as larger than 2, 
that is, if the molecules have more than two degrees of freedom for 
rotation. This implies that compounds have a molecular structure 
both in the liquid and solid states. J. F. S. 

The Course of the Values of a and b lor Hydrogen at 
Different Temperatures and Volumes. III. and IV. J. J. 

van Laar ( Proc . K. AJcad. Wetensch. Amsterdam , 1918, 21, 1 — 15, 
16—25. Compare A., 1918, ii, 185, 291). — Theoretical papers, III. 
continuing the discussion of the pressure-volume relations in rela- 
tion to the variability of a and b, whilst in IV. the Value of a below 
the limiting temperature is discussed. A series of mathematical 
addenda to the previous papers are added. J. F. S. 

Relationships between Absolute Temperatures and the 
Corresponding Absolute Pressures of Moist Vapours. 0. 

Venator ( Zeitsck . pkysikal . Chem., 1918, 93, 242 — 244). — A short, 
critical discussion of the van der Waals’s equation and its corol- 
laries. It is shown that the value of a is a variable one, having 
minima at the absolute zero and at the critical temperature, and 
increasing to a maximum as the temperature is raised or lowered 
respectively. J. F. S. 

Raoul Pictet’s Equation of Condition for Moist Vapours. 

0. Venator ( Zeitsck , pkysikal . Ghem. t 1918, 93, 245 — 246. See 
preceding abstract). — A criticism of Pictet’s equation of condition 
for moist vapours. It is shown that this equation may be expressed 
in the form of the van der Waals’s equation, and further that 
neither of these equations supplies the needs of the physico- 
chemical technology. J. F. S. 

Relationship between Absolute Temperature and Absolute 
Pressure in Kilograms per Square Cm. for Moist Vapours. 

0. Venator (Zeitsck. pkysikal. Ohem., 1918, 93, 247 — 249. See 
preceding abstracts). — The author deduces from the van der Waals’s 

1 ** 



ii. 12 


ABSTRACTS OF CHEMICAL PAPERS. 


equation the expression a-(TkJT-l)/(logPi-\ogp) f in which T k 
is the absolute critical temperature, p k the corresponding pressure 
in kg./sq, cm., T any temperature between Tk and the absolute 
zero, p the pressure corresponding with T. J. F. S. 

Negative Adsorption. L. Berczbller ( Biochem . Zeitsch., 
1918, 90, 290 — 293). — Negative adsorption was observed in experi- 
ments with starch as adsorbent with both lactose and maltose. With 
coagulated albumin, negative adsorption was observed with dextrose, 
lactose, maltose, and sucrose. S. B. S. 

Dissociation of Salicylic Acid. R. Ortjiner (Zeilsch. 
physikcd'. Ckem., 1918, 93 , 220 — 235). — Salicylic acid, when heated 
at 200° under pressures of from 10 cm. to 120 cm. of mercury is 
dissociated into phenol and carbon dioxide to the extent of 98 — 82%. 
The decrease in dissociation with pressure is shown to be in accord 
with the law of mass action. J. F. S. 

Reversal of the Dissociation o! Salicylic Acid. R. 

Orthner (Zeitsch. physikal. Chem., 1918, 93 , 236 — 239. See pre- 
ceding abstract). — The dissociation of salicylic acid at 200° has been 
measured at various pressures of phenol and carbon dioxide. 
It is shown that just as the dissociation of salicylic acid 
follows the law of mass action, so the reversal of the dissociation by 
these substances is strictly in keeping with the requirements of the 
mass action law. J. F. S. 

[Dissociation of Salicylic Acid.] Emil Baur (Zeitsch. 
■physikal. Chem., 1918, 93 , 240 — 241. See preceding abstracts).— 
A theoretical explanation of some of the points arising out of the 
previous papers. J. F. S. 

Thickness of the Capillary Layer of Carbonic Acid. 

G. Barker (Zeitseh. physikal. Chem., 1918, 93 , 154 — 172). — A theo- 
retical paper, in which methods of calculating the thickness of the 
capillary layer are deduced. These methods are then applied to the 
case of carbon dioxide. Making use of formulae previously pub- 
lished (A., 1916, ii, 553), the equation e= — A f (v + fi) + f(t) is 
deduced for calculating the energy of the homogeneous phases. In 
this equation A represents an arbitrary temperature function. The 
equation is arrived at by neglecting a small factor of a general 
equation, and a correction to compensate for this is applied to the 
resulting energy value. From the same original formula the value 
of J, the thickness of the capillary layer, is calculated from the equa- 
tion — 4 T-\d(H j c T)j dt. ] = (/>j — P<t) r i + 2 (€ 3 — (ej + e 2 ) /2 } (p k + /> 2 ) 2 : 
this equation may be integrated and the integration constant evalu- 
ated, since 0 at the critical temperature. A third method 

of calculating the thickness of the capillary layer is afforded bv 
means of the equation l(p x -p r whore p y is the vapour pres- 
sure and p r the pressure in the long direction of the capillary layer, 
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As mean values for carbon dioxide, by all three methods, the follow- 
in* are obtained for £ : 


t. -30°. -10°. 0°. 10°. 20°. 25°. 30°. 

f 1-46 1*72 1*91 2*21 3*51 706 26-1 ^ 


The differences between the values calculated by the different 
methods do not constitute an objection to the present theory, but 
are due to the differences of the equation of condition used, 

J. F. S. 

The Diffusion of Electrolytes into Jellies. I. The 
Relationship between the Distance of Diffusion and the 
Concentration. Otto von Furtii and Franz Bubanoyic ( Biochem , . 
Zeittch.j 1918, 90 , 265 — 287). — Chlorides were allowed to diffuse 
into gelatin jellies containing silver nitrate, and the rate of 
diffusion could thus he measured by the silver chloride precipitate. 
If d-the distance of diffusion and k~ concentration, it was found 
that after a time t , d=mt^k n i where m and n are constants. The 
constants vary with the properties of the jellies, n has the same 
value for the same jelly when different electrolytes are used. It 
has been found to vary between 0*10 and 0*31. S. B. S. 

Dialysers made from Colloidal Membranes . L. Berczeller 
{Biochem, Zeitsch., 1918, 90, 302 — 304). — Some remarks on the 
adsorption of iodine by collodion membranes, and the alteration 
of the permeability of the membranes according to whether they 
are treated with water when the organic solvent is still in them or 
they are nearly freed therefrom. S. B. S. 


Colloid Chemistry and its Industrial Application. F. G. 

Donnan, W. C. McC. Lewis, E. F. Armstrong, and A. S. Shorter 
{Hep. lirit. As&oc., 1917, 20 — 105). — The first report of the com- 
mittee appointed to compile information regarding the advances 
made in capillary and colloid chemistry with special reference to 
industrial processes. The various branches of the subject have 
been dealt with by specialists, and the following are included iu 
the report: (1) viscosity of colloids, 3 pp., Emil Hatschek; 
(2) colloid chemistry of tanning, 15 pp., H. K. Procter; (3) general 
review and bibliography of dyeing, 19 pp., P. E. King; (4) colloid 
chemistry in the fermentation industries, 3 pp., Adrian J. Brown; 
(5) caoutchouc, 5 pp., Henry P. Stevens; (6) colloid chemistry of 
starch, gums, hemicelluloses, albumin, casein, gluten, and gelatin, 
32 pp., H. B. Stocks; (7) colloids in the setting and hardening 
of cements, 4 pp., C. H. Desch; (8) nitrocellulose explosives from 
the point of view of colloidal chemistry, 2 pp., E. B. Chrystall; 
(9) celluloid from the standpoint of colloidal chemistry, 2 pp., 
E. R. Chrystall. Very full bibliographies are included in each of 
the sections. J. F. S. 


Influence of Filtration on Hydrosols. Tadeurz Malarski 
(A alloid Zeitsch ., 1918, 23, 113 — 122).— The effect of filtration on 

J4 * 9 
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hydrosols of ferric hydroxide and silver, both alone and in the 
presence of electrolytes, has been, determined by measuring the 
rate of motion towards the electrodes in an electric field. The 
experiments show that filtration, through filter-paper, fat-free 
cotton, glass wool, and sand has a very marked effect on the rate 
of motion of positive hydrosols and also on negative hydrosols the 
charge of which hag been reduced or changed by the addition of 
electrolytes. This phenomenon is explainable by the theory of 
contact electrification. By successive filtration of ferric hydroxide 
sol through filter-paper, the potential difference of the double 
layer is diminished, and consequently the velocity in an electric 
field is also diminished ; repeated filtration will reduce the potential 
difference to zero and finally change the sign of the charge. Solu- 
tions of silver which have been treated with aluminium sulphate 
so that macroscopic particles are visible on filtration become stable 
for weeks, This is to be explained by the retention of the 
aluminium ion by the filter-paper. J. S. 

Spontaneous Transformation to a Colloid State of 
Solutions of Odorous Substances by Exposure to Ultra- 
violet Light. H. Zwaardemaker and F. Hogewind (Proc. K. 
Akad. Wetensch. Amsterdam, 1918, 21, 131 — 137). — A number of 
solutions of odorous substances in water, glycerol, or paraffin are 
found after keeping for several weeks to have passed into the 
colloidal condition. The action is much more rapid in daylight 
than in the dark, whilst in the presence of ultra-violet light the 
action is still more rapid; in the case of many substances the 
transformation only occurs in the presence of ultra-violet light. 
The colloid particles are shown to be negatively charged. Among 
the substances examined, the following in decreasing order sho¥ 
a marked Tyndall cone: (1) in water solution: eugenol, cresol, 
guaiacol, carvacrol, cifcral, cumidine, thymol, and hypnone; (2) in 
glycerol solution : eugenol, safrole, cresol, nitrobenzene, and 
apiole; (3) m paraffin solution: aniline, eugenol, and cumidine. 


Amphoteric Colloids. I. Chemical Influence of 
Hydrogen-ion Concentration.'^ J. Loeb (/. Gen. Physiol , 
1918, I, 39 — 60; from Physiol. Abstr 1918, 3, 406). — At its 
isoelectric point, gelatin is undissociated. In acid solution, it 
forms cations only; in alkaline solutions, anions only. On the 
acid side of the isoek'tric point, amphoteric colloids can combine 
only with anions of neutral salts; on the alkaline side, only with 
cations. At the isoelectric point, an amphoteric colloid cannot 
combine with either the cation or the anion of a neutral salt. 

H. W. B. 

Inversion of Sucrose by Colloidal Silicic Acid. Albebt 

Mart and Alexandre Mary {Compt. rend., 1918, 167, 644 — 646). 
— Colloidal silicic acid, prepared by the action of hydro- 
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chloric acid on sodium silicate solutions and subsequent dialysis, 
hydrolyses sucrose fairly rapidly. The activity of the dialysed 
solutions begins to diminish after a period depending on the con- 
centration of the colloid ; 8% solutions retain their full activity for 
five to six hours, and 1*5% solutions for several months. Feeble 
hvdrolvsing power is exhibited also by solutions which have not 
been dialysed, but rendered faintlv alkaline with sodium hydrogen 
carbonate solution ; for these solutions there is an optimal tempera- 
ture below 100°, varying according to the conditions, such as con- 
centration of electrolytes. Coagulation of such solutions, whether 
spontaneous or accelerated by heating, is associated with loss of 
hvdrolytie activity. If non-dialysed solutions are rendered faintly 
alkaline with sodium silicate solution instead of sodium hydrogen 
carbonate, they show a higher inverting power, and heating neither 
produces coagulation nor destroys their activity. 

The conclusion is drawn that hydrolytic activity is a function 
of the degree of dispersion of the colloid, and that rise in tempera- 
ture increases the activity (as in the case of acid hydrolysisV hut 
eventually produces changes in the degree of dispersion, culmin- 
ating in coagulation, which set a limit to the increase. The 
optimal temperature observed in inversion by colloidal metals and 
by invertase is probably to be accounted for on similar lines. 

J. H. L. 

Equilibrium between Carbon Monoxide, Carbon Dioxide, 
Sulphur Dioxide, and Free Sulphur. J. B. Feruusson (J. 
Amer . Ghem. Soc., 1918, 40, 1626—1644, 1900).— The reaction 
C0 + ^SO 2 — 0(X»-f-JS 2 has been studied, and the equilibrium 
constants at 1000° and 1200° have been determined. The experi- 
ments were made by the “stream” and “ semi-stream ” methods 
both with and without contact substances. As contact substances, 
broken porcelain and platinised porcelain were used. It is shown 
that in all probability small quantities of carbonyl sulphide are 
also formed. The experimental data have been used to calculate the 
thermodynamic constants of the reaction and the free energy equa- 
tions of this reaction, and also of the formation of sulphur dioxide 
from its elements. J F S 

Influence of Substitution in the Components of Binary 
Solutions Equilibria. XII. Binary Solutions Equilibria 
between Acid Amides and Phenols and their Derivatives. 

Robert Kremann and Alois Auer ( Monatsh 1918, 39, 
441 493). — Fusion and solidification curves have been prepared 
for the following binary mixtures: (1) acetamide with the three 
nitrophenols, (2) benzamide with the three nitrophenols, (3) acet- 
amide and salicylic acid, (4) benzamide and the three hydroxy 
benzoic acids, (5) acetamide and the three dihydroxvbenzenes, and 
[§) benzamide with the three dihydroxybenzenes. Acetamide and 
fl-nitrophenol form no compounds, hut a simple eutectic at 41 '2° 
w dh ca. 5% of acetamide. Acetamide forms compounds with equi- 
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molecular quantities of both m- and p-mtropheiiol, which melt at 
£1‘5° and 96*1° respectively. Benzamide and o-nitrophenol form 
no compounds, but a simple eutectic, m. p. 418°, with 5% benz- 
amide. Benzamide and p-nitrophenol form an equimolecular coiu- 
pound, m. p. 97*2°. Acetamide and salicylic acid form a com- 
pound in the proportion of two molecules of the former to one of 
the latter, m. p. 108°, and a further compound in equimolecular 
quantities, m. p. 116°. Benzamide and p-hydroxybenzoic acid 
form a compound in equimolecular proportions, and also one with 
three molecules of benzamide to one molecule of ^-hydroxybenzoic 
acid. Acetamide and quinol form an f equimolecular compound, 
m. p. 101°; resorcinol and acetamide form a compound with 
two molecules of the latter to one of the former compound, 
m. p. 37*5°. Benzamide and quinol form a compound of two mole- 
cules of the former to one of the latter, m. p. 103*8; an equimole- 
cular compound, m. p. 88*1°, is formed between resorcinol and 
benzamide. J* F. S. 

Formation and Decomposition of Phloroglucinolcarb 
oxylic Acid. G. Piazza (Zeitsch. physical. Ckem 1918, 93, 
183 — 219). — The equilibrium constant of the decomposition of the 
potassium salt of phloroglucinolcarboxylic acid, according to the 
equation C 6 H 2 (0H) 3 *C0 2 K-t-IL0 KHCO s + C 6 H 8 (OH) 8 , has 
been determined by titration with standard acid, using fluorescein 
as indicator, and taking as the end of the tit-ration that point at 
which the fluorescence just disappeared. The velocity of form 
ation and decomposition of potassium phloroglucinolcarboxylic acid 
has been determined at 50°. The course of the reaction was 
followed by the refraction of a beam of light, and was observed by 
means of a Lowe's interferometer. The velocity of decomposition 
was also followed by titration and by electrical conductivity 
measurements. Contrary to the usually observed behaviour, it is 
shown that the formation occurs much more slowly than the 
decomposition, J. F. S. 

The Inflammation of Mixtures of Methane and Air in 
a Closed Vessel. Richard Vernon Wheeler (T., 1918, 113, 
840 — 859). 

Hydrolysis of Ethyl Acetate by Alcoholic Sodium 

Hydroxide. Bud. Wegscheider and (Frl.) Lilly Ripper 
(Monatsk., 1918, 39, 325 — 373).- The hydrolysis of ethyl acetate 
by solutions of sodium hydroxide in alcohol has been studied at 
25°, The hydrolysis occurs according to the equation dxjdt = 
[ester][NaOn][0*l2911(l-a) + 0*05710a], in which a is the degree 
of dissociation of the base calculated from the dissociation con- 
stant. The undissociated molecules of the base hydrolyse more 
rapidly than the ions. If all the products remain in solution, the 
reaction follows the equation for second-order reactions, but with 
a concentration of sodium hydroxide above 0*38, the reaction takes 
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place more rapidly than the equation demands. The addition of 
sodium acetate increases the velocity of the hydrolysis. Thi# 
depends on the total sodium concentration of the solution. The 
falling off of the velocity, which, according to the theory, ought to 
take place on account of the precipitation of sodium acetate, is so 
small as to be unrecognisable in this case. With increasing water 
concentration, the velocity increases very rapidly. If the sodium 
hydroxide solution is prepared by adding sodium to the alcohol, 
and the water content is so small that the whole of the sodium is 
not converted into hydroxide, then the velocity is very small and 
the reaction does not occur according to the equation for reactions 
of the second order. This is probably because the hydrolysis is 
effected by the sodium hydroxide, and not by the sodium ethoxide. 
When sodium hydroxide is dissolved in concentrated methylated 
spirit, a considerable contraction occurs. Experiments on the 
water content to determine the equilibrium conditions between 
alcohol, sodium acetate, and its trihydrate at 25° led to no definite 
result, but point to the fact that a water content of 4 — 5% is 
necessary. J. F. S. 

The Relative Activity of certain Alkyl Iodides with 
Sodium a-Naphthoxide in Methyl Alcohol. Henry Edward 
Cox (T. t 1918, 113, 821-824). 

Preparation of Catalytically Active Substances. Frieda 
Muller (D.R.-P. 307380; from Ghem. Zentr 1918, ii, 492 — 493). 

-Werner's salts [that is, the double salts of the heavy metals and 
complex salts described by Werner (Neuere Auschauungen auf dem 
Gebiete der organischen Ghemie, 1913)] are heated with exclusion 
of air at a temperature not exceeding that at which the catalyst 
is intended to be used. Heating may occur in a current- of 
nitrogen or in a vacuum; if the product is to be used as catalyst 
for reaction between gases, the heating may take place in an atmo- 
sphere of one or all of the gases. Previous to heating, the sub- 
stance may be distributed over carriers, such as clay or asbestos. 
For reactions between liquids and gases, the heating may proceed 
in the liquid after the salt has been dissolved, suspended, or 
emulsified. In many cases, it is necessary to heat under pressure. 
A catalyst from potassium chromicyanide at 300° gave 15% of 
ammonia at 300° and 120 atmospheres. Ammonia undergoes 
quantitative combustion in the presence of the product from luteo- 
ihromium ferrievanide at 300°. Ammonium ferrimolvbdate when 
heated at 400° in an atmosphere of nitrogen and hydrogen yields 
a loose, black powder which yields 19% of ammonia at 160 atm. 
and 400°. Ammonium sodium cobalticyanide is converted by 
ignition at 700° in nitrogen into a very porous, black catalvst for 
the svnthesis of ammonia. Carbonatopentami ^oeobalt nitrate is 
heated at 420° in a current of nitrogen and hydrogen for the pre- 
paration of a catalyst. TJp to 8% of formaldehyde could be 
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obtained from methane and oxygen at 150° by use of a catalyst 
tjrom croceocobalt nitrate (heated in nitrogen at 150°). ,The catalyst 
from nitratopurpureocobalt nitrate is useful in the synthesis of 
ammonia. Indole is formed by hydrogenation of methyl o-tolu- 
idine in the presence of the catalyst from hexaquochromi-acetate, 
Borneol is converted into camphor in the pr6sence of a product 
from hexaquochromi-propionate. A catalyst from cobalt hydroxo- 
nitrite brings about the quantitative oxidation of sulphur dioxide 
to sulphur trioxide by an excess of oxygen. H. W. 

Hydrogenation and Dehydrogenation of Carbon Com 
pounds with the Aid of Catalysts. Badische Anilin- £ 
Soda-Fabrik (D.R.-P. 307580, 307989; from Chem. Zentr., 1918, 
ii, 573, 693). — The conversion of organic compounds or of oxides 
of carbon into hydrogenated substances can be effected at relatively 
very low temperatures if contact agents are used which, in addition 
to the catalysing metal (metals of the platinum-palladium group 
are excepted), contain oxides of the earth metals, including the 
rare earths or of glucinum or magnesium. Satisfactory activation 
can only be secured by the use of very intimate mixtures. These 
. may be prepared by simultaneous precipitation of the suitable 
hydroxides, oxides, carbonates, etc., from a solution of mixed 
salts, by heating mixtures of molten salts, and also, though not 
always with equal certainty and effect, by mechanical processes, 
such as very fine grinding, kneading in the moist state, pressing, 
etc. ; when necessary, the mass is subjected to subsequent ignition 
and reduction. The production of highly active contact agents h. 
greatly facilitated if at any rate the catalysing metal is formed 
from salts containing carbon, such as carbonates, formates, etc. 
The activity of the contact agent is frequently increased by adding 
compounds of the alkali metals, for example, sodium hydroxide, 
either to the mixture itself or to the materials from which it is 
prepared, a small quantity being frequently sufficient. It is some- 
times advisable to add other organic or inorganic materials as 
carriers or binding material, or for the purpose of increasing the 
porosity of the mass; in such cases, the introduction of substances 
which, like chlorine, sulphur, phosphorus, and arsenic, can act as 
poisons, is best avoided. If reduction to the metallic state is 
necessary, it should be effected at as low a temperature as possible 
bv pure hydrogen or other suitable agent. The catalytic activity 
of nickel, cobalt, and iron is particularly increased. The prepara- 
tion of catalysts for thu conversion of carbon dioxide into methane, 
the hydrogenation of oils, and the reduction of nitrobenzene is 
described. 

The second patent describes the use of other r difficultly 
reducible oxides Of high melting point, particularly those of 
titanium, uranium, manganese, vanadium, columbium, or tantalum, 
in nlace of the oxides previously cited. Examples are given of the 
hydrogenation of cotton-seed oil and the hardening of earth-nut 
oil at 100—120°. ' H. W. 
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^Negative Catalysts in the Hydrogenation of Oils. 

£eiichi Ueno (J. Ghem . lnd. f Tokyo , 1918, 21, 898 — 939). Thfe 

degree of the hydrogenation of oils may he indicated by the formula 
r=,r/a, where r represent® the “ ratio number of hydrogenation/' 
x the difference between the iodine values before and after hydro- 
genation, and a the original iodine value of the oil. A comparison 
between the values of r and r ( (the ratio number of hydrogenation 
in the absence of the particular substance) will show whether or 
no any given substance acts as a negative catalyst. By this means, 
various typical substances have been classified in accordance with 
their action on the catalytic hydrogenation of oils in presence of 
a nickel catalyst. Certain metallic soaps, such as those of 
potassium, barium, zinc, cadmium, lead, uranium, and gold, are 
injurious, whilst others, including those of calcium, aluminium, 
cerium, nickel, thorium, and platinum have no effect. Nickel salts 
of simple monocarboxylic acids, nickel lactate, and nickel salts of 
dicarboxylic acids (oxalic and succinic acids) have also no influence 
on the results. Copper hydroxide acts as a negative catalyst, but 
nickel hydroxide does not. Ammonium molybdate, boric acid, 
hydrochloric acid, and potassium hydroxide are pronounced 
poisons. Fatty acids, such as acetic, stearic, and oleic acids, have 
no effect, but hydroxystearic acids act as poisons, as do also hydr- 
oxy-acids, such as malic, citric, and tartaric acids. Certain 
powdered metals, such as tin, zirconium, and aluminium, have no 
marked action, but others, such as iron, lead, and zinc, are slightly 
poisonous. Other negative catalysts include sulphur, selenium, 
and tellurium, red phosphorus, glycerol, lecithin, alkaloids such 
as morphine and strychnine, potassium cyanide, and amygdalin. 
[See also J . Soc. Chem . Ind., 1919, 20a.) C. A. M. 

Catalytic Scission of Carbon Dioxide from Keto-carb- 
oxylic Acids. G. Bredig and R. A. Joyner ( Zeitsch . Elektro- 
chem., 1918, 24, 285 — 298). — The rate of decomposition of 
camphorcarboxylic acid into carbon dioxide and camphor by 
the bases quinoline, 2-methylquinoline, a-picoline, s-collidine, 
piperidine, pyridine, dimethylaniline, tribenzylamine,' benzyldi- 
ethyl amine, benzylamine, allylamiue, tri/Vobutylamine, dusobutyl- 
amine, fsoamylamine, tripropylamine, and diethylamine has been 
determined in the solvents acetophenone, o-nitrotoluene, and 
w.-xylene. The reactions were carried out at 80*2°, and the rate 
was determined by weighing the carbon dioxide evolved. A series 
of determinations made to ascertain the equilibrium between acid 
and the various bases in m-xylene solution is described. These 
were carried out at 20T°. A series of molecular weight deter- 
minations of the piperidine salts of a number of acids in benzene 
and ethyl alcohol solutions is also described. It is shown that 
the rate of decomposition of camphorcarboxylic acid in xylene, 
acetophenone, and o-nitrotoluene is practically the same in all 
cases, but in alcohol and water the decomposition is much slower. 
There is no direct connexion between the affinity constants of the 
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bases in water and the velocity of decomposition in the above- 
named solvents. The action of bases on the optical rotation of 
camphorcarboxylic acid was investigated, and it is shown that in 
m-xylene solution the simple Oudemann law does not hold, but 
in some cases the extent to which the salt is split up into acid and 
base can be determined. In m-xylene solution, the bases form 
acid complexes with an excess of the acid, in which more than one 
molecule of acid is combined with one molecule of base. In the 
extreme case, three molecules of acid are combined with one mole- 
cule of base. The velocity of decomposition of the salts is shown 
in the case of a series of bases to be parallel with the number of 
molecules of acid which combine with one molecule of base. It is 
probable that every carboxylic acid forms acid complexes with 
bases, but picric acid does not do so. Association of the acids only 
occurs in those solvents in which acid complexes with bases are 
formed, and the catalytic decomposition of camphorcarboxylic 
acid only occurs in those solvents in which acid complex formation 
takes place between the acid and base. J. F. S. 

The Hydrolysis of Soap Solutions, Measured by the 
Rate of Catalysis of Nitrosotriacetonamine. James Wili.tam 
McBain and Thomas Robert Boj.am (T., 1918, 113, 825 — 832). 

Mercury as a Contact Poison. G. Bredjg (Bar., 1918, 51, 
1477), — The poisoning of catalysts by mercury (compare Paal and 
Hartmann. A., 1918, ii, 303) has been previously noticed by Bredig 
and Berneck (A,, 1900. ii. 213) and others. C. S. 

Whole Number Atomic Weights and Related Questions. 

R. von Mises (Phvsikal. Zeitsch., 1918, 19, 490 — 500). — A mathe- 
matical paper in which the probability that the atomic weights arq 
whole numbers is treated. J. F. S. 

The Atom Model of Bohr. Arthur Szarvasst (Physical. 
Zeitsch., 1918, 19, 504 — 508). — A mathematical paper in which 
an attempt is made to explain certain insufficiently defined points 
in the theory of the structure of the atom as put forward bv Bohr. 

J. F. S. 

Atomic Structure. P. Debye and P Scherrer [Physical. 
Zeitsch., 1918, 19, 474- 483). — A theoretical paper in which the 
role of the electron ring" in the structure of crystals is discussed. 
Tt. is shown that the electron rings of the carbon atom do not act 
as bonds in the structure of the diamond. The number of electrons 
accompanying the atoms in compounds is discussed, and some 
calculations are carried out in this connexion. The dimensions of 
the electron rings of the atoms are considered, and a method is 
worked out for calculating this quantity. Thus for the diamond 
it is shown that the radius of the electron ring is 0 43 x 10“ 8 cm., 
figure which is in keeping with the value calculated by Bohr for 
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a ring in which four electrons are travelling round a nucleus con- 
taining four charges. In this case, the value is 0-17 x 10~ 8 cm. 

J. 3J. S. 

Theory of Rontgen Spectra. Fritz Reiche and Adolf 
Smekal (Arm. Phy $ik., 1918, [iv], 57, 124— 144).— A theoretical 
paper in which the relative positions of the K and L electron rings 
are discussed. Assuming the hypothesis of Debye and Vegard, and 
neglecting the electric and magnetic disturbances between the K 
and l rings, the formula l=v lA JR -5/$6z*=B Pm . z + C pm 
is deduced. In this equation, v Ut is the vibration number of the 
i ti line, R the Rydberg number, i the atomic number of the 
element, B } , m and C P1P2 are functions of 'Pi and p. ?) the number of 
electrons in the A" and L rings respectively. The values of V^JB 
and 5/ 36s 2 are evaluated for the elements of atomic numbers 
30 -92, and it is shown that up to 58 the agreement is linear, and 
above this number the divergence is very small, so that it becomes 
necessary to take the disturbances into account in such calcula- 
tions. J. F. S. 

Coupling of Electron Rings and Optical Activity of 
Asymmetric Molecules. A. Lande (Physikal Zeilsch. , 1918, 
19, 500—504). — A mathematical paper in which the connexion 
between the optical activity of asymmetric molecules and the 
electron rings is treated. J. F. S. 

Systematic Valency Theory and the Explanation on this 
Theory of Complex Compounds . Ionogen and Labile Bonds , 
Gaseous Molecules, Polymerisation and Isomerisation. 

Emil Kohlweiler ( Zeitsch . physikal. Chem ., 1918, 93, 113—153). 
—A continuation of the work previously published (A., 1918, 
ii, 304). — It is shown in the present paper that the views put 
forward to explain the formation and stability of compounds of 
the first order are equally applicable to compounds of higher 
orders. Particularly it is shown that the mechanism of the form- 
ation of molecular and complex compounds is the same as that of 
dmple compounds in respect of the method of linking. The origin 
}f ionogen and non-ionogen bands, polymerisation and isomerisa- 
tion, the constitution of explosives and unstable compounds, and that 
rf the gaseous molecules, are explained on the basis of this theory. 
For details of these points the original paper should be consulted. 

J. F. S. 

Apparatus for Facilitating the Manipulation of Gases. 

Max Bodenstein (Ber. } 1918, 51, 1640 — 1645). — (1) A vacuum 
tube opener similar to that described by Stock (A., 1918, ii, 353) 
has been used by the author for more than twenty years. (2) A 
stopcock is described the extremities of the stopper of which are 
surrounded by the gas under manipulation, so that the intrusion 
of air is impossible. (3) A mercury gasometer is described which 
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requires the use of very little mercury, (4) A fatless metallic 
stopcock and (5) a quartz Bourdon manometer are also described, 
The first three pieces of apparatus are figured. C. S, 

Condenser. R, Howden (Chem. News , 1918, 117, 368).— 
The apparatus consists of a test-tube 2*5 cm. in diameter and 
20 cm. long, which is placed in a vessel through which cold water 
is circulated. The tube is closed by a cork through which p ass 
the tube from the distillation flask, and a second tube which 
extends from the bottom of the test-tube, the upper end of this 
second tube being bent downwards into a receiver. The first por- 
tion of the distillate collects in the test-tube; as further quantities 
collect, the contents of the test-tube are forced over into the 
receiver. W. P. S. 

Two Lecture Experiments. Bk. Richter (Helv. Chin i. 
Acta , 1918, 1, 430 — 432). — (1) Absorption of Gases foj Water. - 
In demonstrating the absorption of very soluble gases by water, 
it is usual to collect them over mercury and then to admit water; 
in order to obtain the gas free from air and to collect over mercury 
without allowing it to escape into the atmosphere, the author 
recommends the use of a eudiometer, the upper end of which is 
drawm out into a tube connected through a stopcock with a 
T-piece. The eudiometer is filled with mercury up to the stop- 
cock. The gas is then passed through the open limb of the T-piece 
until a test sample dissolves completely in water; it is then passed 
into the eudiometer by cautiously opening the cock. The experi- 
ment is completed as usual. (2) Preparation of Calcium, Carbide 
without an Electric Furnace. — A quantity of compressed carbon 
dioxide snow is placed on an iron dish and covered with finely 
divided calcium mixed with loose solid carbon dioxide; reaction is 
started by allowing burning calcium to fall on the mixture, and 
proceeds vigorously. The presence of calcium carbide and nitride 
is demonstrated in the usual manner. Formation of the latter is 
inhibited as far as possible by using a considerable excess of carbon 
dioxide. The calcium must, be in a finely divided state; large 
pieces only react superficially, aud the presence of free calcium in 
the product causes the acetylene evolved, on addition of water, to 
be so largely diluted with hydrogen that it does not give a smoky 
flame. H. W. 



INORGANIC CHEMISTRY. 


ii. 23 


Inorganio Chemistry. 


The Determination of the Molecular Complexity of 
Liquid Sulphur. Alex. Mitchell Kellas (T., 1918, 113, 
903 — 922). 

Occurrence of Hydrogen^ Selenide in Rain and Snow. 

p. Karrer (Helv. Chim. Acta, 1918, 1, 499). — • Repetition of Gass- 
roann's experiments (A., 1918, ii, 309) has led the author to the 
conclusion that selenium is not present in snow or rain. H. \V. 

Starting and Stability Phenomena of the Oxidation of 
Ammonia and Similar Reactions . F. G. Lilj bnroth (Chem. and 
Met. Eng-, 1918, 19, 287 — 293). — Conversion curves have been 
plotted for the oxidation of ammonia at various temperatures, 
showing that whilst little oxidation takes place at 400°, it rises 
rapidly between 450° and 500° to nearly 100%, reaches a maximum 
at about 750°, and then decreases first slowly and afterwards 
rapidly. The temperature of the gauze or catalyst may also be 
plotted for various percentages of ammonia-oxidation, and the 
curve is found to he a straight line, the position of the line, termed 
the ‘‘heat of reaction line,” on the conversion curve diagram 
depending on (1) the initial temperature of the gas, and (2) the 
initial composition of the gas. The effects of changes in the 
velocity and the composition of the gaseous mixture on the relative 
positions of these two curves are described, and the conditions for 
(1) the cessation of the reaction, (2) overcoming the prejudicial 
effects of catalytic poisons, are indicated. The reaction does not 
start spontaneously, but must be initiated by heating to a particular 
ignition temperature, which is below the reaction temperature. 
The use of oxygen is shown to be not justified, as it merely results 
in a higher temperature, necessitating water cooling of the gauze. 
A cheap low-grade catalyst may be possible for the first gauze, and 
a platinum gauze for completion of the oxidation in a manner 
analogous to the sulphuric acid process. The synthetic ammonia 
process is also considered, and it is shown that in this case a heat 
exchanger must always he used, and additional heat must usually 
be supplied. With a high pressure and a good catalyst, however, 
no heat need be supplied except during the starting period. 

’ B. N. 

The Oxidation and Ignition of Coal. Richard Vernon 
Wheeler (T., 1918, 113, 945—955). 

Oxidation of Carbon Monoxide in Contact with Copper. 

K. A. Hofmann (Ber., 1918, 51, 1334 — 1346), — Continuing his 
search for a reagent to oxidise carbon monoxide at the ordinary 
temperature (A., 1916, ii, 637), the author has shown that hydrated 
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copper oxide in the presence of aqueous alkali converts carbon mon- 
oxide into a carbonate, although at only a slow rate. The addition 
of platinum metals, especially iridium, increases the rate five times. 
In contact with metallic copper moistened with aqueous alkali 
carbon monoxide mixed with air i9 oxidised two or three times more 
rapidly than it is when in contact with a copper oxide surface of 
the same area. The copper is converted into a peroxide, Cu 2 0 3 or 
Cu0 2 , which is the real oxidising agent. The addition of a trace 
of iridium to the copper does not change the oxidising power of the 
peroxide, but increases the adsorptive capacity of the surface for 
carbon monoxide, and thus increases the rate of oxidation. It is 
very remarkable that the rate of oxidation of hydrogen in contact 
with an alkaline copper surface is only 1/70 (with addition of 
iridium, 1/50) of that of carbon monoxide, the copper surface 
having a very small capacity of adsorbing molecular hydrogen. The 
experiments were performed in a Hempel gas pipette filled with 
rolls of copper gauze moistened with 15% potassium hydroxide solu- 
tion, The concentration of the alkali does not appreciably affect 
the results. C. S. 

The Action of Chlorine on the Alkali Iodides. William 
Norman Rae (T„ 1918, 113, 880— 884). 

Literature on the Solubility of Systems Relating to 
Nitre Cake. H. W. Foote (J. Ind. Eng. Ckem., 1918, 10, 
896 — 897). — A resume of the literature dealing with the solubility 
relationships of the systems, Na^S’O^HgSO^^O ; Na*>S0 4 -RS0 r 
Hc,0 ; and RS0 4 -H*S0 4 -H*0 (IUFe», Cu, Ba, Ca, Gl, etc.). 

' J. F. S. 

Recrystallisation of Nitre Cake. Blair Saxton (J. Ind. Eng. 
Chem,, 1918, 10, 897 — 901). — Equations, based on solubility deter- 
minations, have been developed, by means of which the amount of 
any one solid phase, that can be separated from the system 
Na 2 S0 4 -H 2 S0 4 -ff 2 0, can be calculated if the composition of the 
original nitre cake and the acid concentration after crystallisation 
are known. These equations are for the temperature 25°, Further 
equations are given for the same temperature, by means of which 
the amount of water to be added to the nitre cake may be calcu- 
lated in order to leave a calculated amount of one of the solid 
phases. Further equations for obtaining the maximum amount of 
each solid phase from solution at temperatures of 0° and 25° are 
also given. Leaching presses are outlined, by means of which 
sulphuric acid may be concentrated in the solution and sodium 
sulphate in the solid. It is found experimentally that this separa- 
tion can be carried out more efficiently at 0° than «at 25°. J. F. S. 

Colloidal Silver. Alwyn Pickles (Chem. News, 1918, 117, 358). 
— When well-washed silver oxide is reduced by a rapidly stirred 
60% solution of formaldehyde, a solution of colloidal silver is pro- 
duced. This solution is very stable, and varies in colour from pale 
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lilac to rich ruby-red. Acetaldehyde has not the same effect, and 
with formaldehyde the coloured solutions are only produced at 
about 35°. The colour is discharged slowly by salt solutions, and 
by nitric acid. Hydrogen peroxide is slowly decomposed by the 
solution. J. F. S. 

Rational Preparation of Superphosphates. A. Aita 
(Annali Chim. Appl.. f 1918, 10, 45 — 103). — On dissolving increasing 
quantities of monocalcium phosphate in a given weight of water at 
constant temperature the proportion of free phosphoric acid con- 
tinually increases, and tends towards a limit in accordance with the 
equation 

2CaH 4 (P0 4 ) 2 = CaH 4 (P0 4 ) 2 + CaHP0 4 + H 3 P0 4 . 

pp to .the saturation point at 15° there would thus be a liquid phase 
consisting oi water, monocalcium pnospnate, and iree phosphoric 
acid, ana a solid phase consisting solely of dicaicium phosphate 
turmea by hydrolysis ot the monocalcium phosphate. Beyond the 
saturation point, with increasing quantities of calcium oxide and 
phosphoric oxide, the liquid phase remains unaltered, whilst the 
solid phase is constantly enricned by monocalcium phosphate. On 
raising the temperature the decomposition of the monocalcium phos- 
pnate is accentuated, whilst the saturation point is retarded. lViono- 
calcium phosphate appears in the solid phase at the same limit of 
concentration for the calcium oxide, but at a greater concentration 
oi the phosphoric oxide, in the case of commercial superphosphates 
containing about 12 — 20% of soluble phosphoric oxide and 10 — 20% 
of water, there is a system with a fairly high proportion of phos- 
phoric oxide, and a very low proportion of water. In estimating 
iree phosphoric acid in such products it is necessary to use anhy- 
drous ether for the extraction, since water, alcohol, or ordinary 
ether cause more or less hydrolysis of the monocalcium phosphate, 
according to the amount of water originally present. The physico- 
mechanical properties of superphosphates depend on the proportion 
of free phosphoric acid and water, the former depending on the 
nature and physical conditions of the components of the reaction, 
and the latter mainly on the concentration of the sulphuric acid 
used in the preparation. On these grounds commercial superphos- 
phates may be classified as normal or abnormal products, the former 
containing not more than 10 — 12% of water or 1 — 2% of phosphoric 
oxide as free phosphoric acid (about 5—10% of the total soluble 
phosphoric oxide). Dicalcium phosphate is invariably present, and 
the fraction of phosphoric oxide in that form of combination should 
be equal to that present as free phosphoric acid. The mono- and 
di-calcium phosphates and calcium sulphate are mainly present in 
the hydrated form. In the case of superphosphates of abnormal 
constitution the water of the liquid phase exceeds 12%, and the 
tree phosphoric acid exceeds 2% or 10% of the soluble phosphoric 
oxide, whilst the salts are mainly in the crystalline condition, and 
ere is little or no dicalcium phosphate present. It is commonly 



ii. 26 ABSTRACTS OF CHEMICAL PAPERS. 

accepted, in accordance with Kolb s view, that the reaction between 
sulphuric acid and mineral phosphates takes place in two stages ; 

3Ca s (P0 4 )„ + 6H 2 S0 4 = 4H 3 P0 4 + Ca s (P0 4 ) 2 + 6CaS0 4 , 
Ca 3 (P0 4 ) 2 “+ 4H 3 P0 4 = 3CaH 4 (P0 4 ) 2 , 

but the observed facts show that the main reaction is more correctly 
represented by the equation : 

5Ca 3 (P0 4 ) 2 + 1 1H 2 S0 4 — 4CaH 4 (P0 4 ) 2 + 2H 3 P0 4 + HCaS0 4 . 

The influence of raising the temperature on the reaction is to 
increase the concentration of free phosphoric acid in the liquid 
phase, whilst in the solid phase the dicalcium phosphate increase? 
in equal proportion with the free phosphoric acid. These constitu- 
ents gradually interact to form monocalcium phosphate, so that the 
existence of dicalciuni phosphate in an industrial product will 
depend on the proportion of free phosphoric acid originally present, 
Hence in products prepared with an excessive quantity of sulphuric 
acid, and thus containing a high proportion of free phosphoric acid, 
the dicalcium phosphate will be reduced or disappear altogether, 
In fact, monocalcium phosphate is not hydrolysed in presence of 
an excess of phosphoric acid, and in such cases the solid phase of the 
system will consist solely of monocalcium phosphate. The applica- 
tion of these principles to the industrial preparation of superphos- 
phates yields products with the desired physico-mechanical proper- 
ties. [See also J. Soc. Chew. T»d. r 1919, 23a.] C. A. M. 

The Decomposition of Barium Peroxide and the Re 
activity of the Resulting Barium Oxide. J. Arvid Redvall 
(Zeitsch. anorg. Ghent., 1918, 104, 163 — 168).— The decomposition 
of barium peroxide by heat at atmospheric pressure has been fol- 
lowed by means of the heating curve. The peroxide was heated in 
a carbon tube furnace and the temperature recorded at 10 sec. 
intervals by means of a platinum — platinum-rhodium thermo- 
element. The reaction being endothermic, its range is indicated 
on the heating curve by a pronounced flattening towards the time 
axis. The temperature at which the vapour pressure of the evolved 
oxygen is equal to 760 mm. was found to be 795°. This agrees with 
the value 796° found by Le Chatelier. The higher temperature, 
825°, obtained by Hildebrand is accounted for by the fact that this 
observer used very carefully dried materials, for in the absence of 
moisture the reaction is verv slow and incomplete. 

In presence of copper oxide, barium peroxide starts to decompose 
at about 200°, the reaction becoming most vigorous at 625 — 660°. 
as shown hv the heating curve. When the peroxide is heated with 
amorphous silica, however, the rate of rise of temperature increase? 
above 400°. The endothermic decomposition of the peroxide, 
is evidently accompanied by a more strongly exothermic reaction, 
probably the formation of a barium silicate, brought about by the 
great reactivity of the barium oxide at the moment of its forma* 
fcion. Even when powdered quartz glass or crushed quartz is used 
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jn place of amorphous silica, there is evidence in the heating curve 
of silicate formation. E. H. R. 

Solubility o! Cupric Hydroxide, to a Certain Concentra 
tion in Sodium Hydroxide and Potassium Hydroxide . Ed. 

Justin-Muelleh ( Compt . rend., 1918, 167, 779—780). — Cupric 
hydroxide dissolves in aqueous sodium hydroxide (D 1*345 — 1*3701 
or aqueous potassium hydroxide (D 1*453 — 1’498) to the extent of 
0'78 gram in 100 c.c., giving bright blue solutions which do not 
crive any precipitate when boiled directly or first diluted and then 
boiled * Solutions prepared with more dilute alkali are not stable. 

W. G. 

Scandium from a Brazilian Source. C. James (/. Amr. 
Chem. Soe .. 1918, 40, 1674). — Whilst working up quantities of 
Brazilian zirconia the author obtained a gelatinous residue which 
on examination was shown to consist of scandium fluoride. 

J. F. S. 

Rare Earths . VHT . Separation of Yttrium from Erbium ; 
The Ratio Er a 0 3 : 2ErCl 3 . Edward Wichers, B. S. Hopkins, 
and C. W. Balke ( J . Amer. Chem. Soc .. 1918, 40, 1615 — 1619. 
Compare A., 1917, ii, 34). — Using material containing only erbium 
and yttrium, the authors have investigated the newer methods pro- 
posed for the separation of these two elements. The cobalticyanide 
and the nitrite precipitation methods were found to give good 
results, the latter being the more efficient and practicable. The 
older nitrate fusion method was found to give results far superior 
to the other methods, and bv this method erbium compounds of a 
high degree of purity were obtained. The ratio of erbium oxide to 
erbium chloride was determined in seven analyses. The ratio was 
found to vary with the temperature and length of time of ignition 
of the oxide. Erbium oxide, prepared by the ignition of the 
nxalate and ignited for several hours at 800° and two hours at 
900°, was found to retain considerable amounts of carbon dioxide. 
This is contrary to Hofmann’s results (A., 1910, ii, 1073). and con- 
sequently brings into disrepute the present accepted value of the 
atomic weight of erbium. Until erbium oxide of the definite com- 
position Er.,0 3 is prepared, no ratio in which the oxide is one term 
can be trustworthy for <the purpose of atomic weight determinations. 

J. F. S. 

Preparation and Properties of Yttrium Mixed Metal. 

■T. F. G. Hicks (J. Amer . Chem. Soc., 1918, 40, 1619—1626).— 
Experiments of a preliminary nature dealing with the preparation 
of yttrium mixed metal are described. It is shown that the 
method of preparing anhydrous chlorides of the metals of the 
yttrium earths, by heating the hydrated chlorides with ammonium 
chloride to drive off five of the six molecules of water of crystal- 
lisation, and then in a current of hydrogen chloride to remove the 
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last molecule of water, is capable of being used on the large scale. 
The mixed metal has been prepared in the form of powder by 
heating the anhydrous chlorides with sodium in a vacuum at 
1100°, and also by electrolysing a mixture of the molten chlorides 
in a protected graphite crucible, using a graphite anode. Electro- 
lysis of a solution of the mixed oxides in fused cryolite also yields 
the mixed metal in the form of powder, but the method is less 
efficient than the foregoing methods. In all these processes, there 
is considerable loss of yttrium chloride, owing to its volatility at 
the temperature of the experiments. The powdered products have 
been obtained in a coherent form by sintering in a vacuum, but 
the resulting mass easily disintegrates. The product obtained ha? 
a mean “atomic weight” of 120 and contains 94*05 — 95*70% of 
metal, which corresponds 'with 37*5% of yttrium. It burns in the 
air at a dull red heat with a very bright light, and yields a light 
brown oxide. It is slowly oxidised by moist air at the ordinary 
temperature. It glows when heated in hydrogen, nitrogen, or 
carbon dioxide. It does not amalgamate with mercury, and is 
readily attacked by water. Yttrium mixed metal is pvronhoric, 
but not so strongly as the cerium metal iron alloys. J. F. S. 

Effects of Heat on Chemical Glassware. R. G. Sherwood 
(J. Amer. Chem. Soc 1918, 40, 1645— 1653).—' When glass is 
heated, there is shown to be evidence of two distinct kinds of 
gaseous evolution, that resulting from adsorbed material, which 
is readily removed at temperatures below 300°, and that resulting, 
in all probability, from a decomposition of the glass itself. The 
latter effect becomes important above 400° for the softer glasses 
and above 500° for the harder glasses. There is some evidence oi 
a definite characteristic rate of gaseous evolution for each tempera 
ture to which glass is subjected, increasing with the tempera tun 
and extending over a considerable period. Observations on on* 
sample at 500° showed a small, continuous evolution even aftei 
heating for twenty hours. Adsorption products are confined t< 
quantities which are represented approximately by a layer of gas 
about one molecule deep, and are removed with much greater 
rapidity at lower temperatures than the other products obtained, 
which are due to the heating of the glass. The most important 
of the gaseous evolution products obtained from glass under the 
influence of heat is water, which, as the temperature is raised to 
the softening point of the glass, constitutes almost the entire 
quantity of the evolution, but its amount at a lower temperature 
may be relatively uni;- portant. I. F. S. 

Plasticity and 1 Strength * of Clay. Otto Isolte (3ied. 
Zentr., 1918, 47, 108 — 109). — Extraction of a heavy Silesian clay 
with alcohol and ether did not cause any diminution in the plas- 
ticity or * strength ' of the clay. The presence of a certain pro- 
portion of organic matter, therefore, does not affect these qualities 
of the clay. The extract was found to contain sulphur and an 
organic compound which was not identified. H. W. B. 



INORGANIC CHEMISTRY. 


ii. 29 


Zirconyl Basic Chromate. F. P, Venable and L. V. Giles 
U jfaner. Chem. Soc 1918, 40 , 1653 — 1656). — A basic zirconium 
chromate is prepared as a granular, yellow precipitate by dissolv- 
ing zirconium hydroxide in a boiling solution of chromic acid, 
diluting, and again boiling the solution. The compound obtained 
loses a considerable quantity of its water at 110°, but the whole 
0 f it is only lost at 200°. The compound is shown to have 
the formula 2Zr0(0H) 2 ,Zr0GY04,8H 2 0, and it is suggested 
that its formation occurs as follows: first, normal zirconium 
chromate is formed, which is immediately hydrolysed to ZrOCr0 4 ; 
<;ouie of the zirconium hydroxide is partly dehydrated to give 
ZrO(OH)i). These two substances then combine to give the yellow, 
insoluble compound described above. The present work is at 
variance with earlier work on zirconium basic chromates by Haber 
(A., 1897, ii, 295). J. F. S. 


Antimonic Acids and Antimonates. Gerhardt Jander 
(Kolfoid Zeitsch 1918, 23 , 122 — 144). — Analyses of the various 
hydrates of antimony pentoxide have been m$de, and the dehydra- 
tion curves of these compounds obtained by keeping them over 
sulphuric acid in a desiccator. The behaviour of the antimonic 
acids toward hydrochloric and sulphuric acids and toward solutions 
of potassium and sodium hydroxides has been studied. The 
potassium and sodium salts of these acids have also been investi- 
gated. The experiments show that the properties of the antimonic 
acids vary with the method of preparation and with previous treat- 
ment. Thus, modifications which differ in their water content, 
stability, solubility, and their behaviour towards acids and alkalis 
are obtained (i) by the action of water on the pentachloride, 
(ii) by the action of acids on antimonates, and (iii) by the hydro- 
lysis of the trichloride in the presence of nitric acid. These varie- 
ties of antimonic acid differ only slightly from one another, and 
probably, as in the case of the stannic acids, the difference is due 
to a difference in the size of the particles. The experiments 
indicate that the tri- and tetra-antimonic acids, that is, the soluble 
antimonic acids, are hydrosols of small stability, and that the 
definite hydrates of antimony pentoxide known as ortho-, pyro-, 
and meta-antimonic acid can have no free existence. The hydrates 
of antimony pentoxide exhibit a marked selective absorption 
towards dilute alkalis. Thereby are formed amorphous substances, 
which apparently are alkali antimonates. The composition of these 
substances, however, varies continuously with the composition of 
the solid hydrate. In concentrated alkali solutions, the hydrates 
of antimony pentoxide dissolve, and from these solutions at low 
temperature and by careful evaporation, various alkali antimonates 
may be crystallised, but the nature of the salt depends on the con- 
centration of the mother liquor. The compound 
1*71 KoO , Sk0 5 ,8H 2 0 
has been obtained in this way. 


J. F. S. 
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Bismuth Hydride. Fritz Paneth (Zeit&ch. Elekirochem I9i§ 
24, 298 — 299). — Working from the point of view that isotope 
and their compounds are identical, the author is of the opinion 
that bismuth hydride is capable of existence, and that it is gaseous 
and only moderately stable, much less so than antimony hydride. 
These statements are based on the fact that by the action of hydro- 
chloric acid on magnesium which has been covered with thorium-f; 
(an isotope of bismuth), a radioactive hydride is produced which 
has the properties enumerated above. J. F. 8. 

Hydroxylamine Platinum Bases. Leo Alexandrowitsch 
Tschugaev and Ilja Iljitsch Tschernjaev (T., 1918, 113 
884 — 897). 


Mineralogical Chemistry. 


11 Hydromagnocalcite A from the Tatra Mountains, Car 
pathians. Emanuel Glatzel ( Centr . Min., 1918, 307 — 311).— 
The compact, chalk-white material with conchoidal fracture is 
found as loose blocks in the Lopusna valley, near the village of 
Lucsivna, on the southern slopes of the Tatra Mountains. Analysis 
gave results approximating to the formula CaC0 3 + Mg(OH) 2 . 

CaO. MgO. C0 2 . H 2 0. Total, Sp. gr. 

36-56 23*15 28*75 10 60 99*05 2-412 

[This is evidently pencatite, which was long ago proved to he a 
mechanical mixture of calcite and brucito (Mg[OH] 2 ).] 

L. J. S. 


Analytical Chemistry. 


Quantitative Analysis of Small Quantities of Gases. 

H. M. Ryder (/. Amer. Chem. Soc., 1918, 40, 1656— 1662).— A 
somewhat complicated apparatus is described by means of which a 
quantitative analysis of 5 cu, mm. — 1 c.c. of a gaseous mixture of 
water vapour, carbon dioxide, carbon monoxide, oxygen, hydrogen, 
nitrogen, and methane may be carried out with an accuracy of 
about 5% for each constituent. The apparatus makes use of a 
McLeod gauge and an optical lever gauge, but for details the 
original should be consulted, J. F. S. 

Gas Bubbler for Gas Analysis. Oliver I). Burke (Chem> 
News, 1918, 117, 368 — 369). — The glass tube through which the 
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aAi ell t«rs is drawn out into a fine capillary. Another glass tube 
® f U sed on to the side of the first tube and bent so that the end 
extends just below the end of the capillary, where it is flattened 
the top surface ground. The capillary is made to fit tightly 
0 a the ground surface, so that the gas escaping from the capillary 
■ broken up into very fine bubbles. [See, further, J. Soc. Chem. 
hid., January, 1919.] W. P. S. 

Oxidising Action of Potassium Dichromate as Coni' 
pared with that of Pure Iodine. Carl R. McUrosky (J. Amer. 
Chem. Soc., 1918, 40 , 1662 — 1674). — The author has studied the 
trustworthiness of potassium dichromate as a standardising agent 
io iodometric determinations. It is shown that potassium di- 
chromate always liberates more than the theoretical quantity of 
iodine from hydriodic acid. This excess of iodine may be reduced, 
but not wholly removed, by removing dissolved air from the solu- 
tions, by drying, and fusing the dichromate in the absence of air 
and by recrystallising repeatedly to remove oxidising impurities. 
It is also shown that the excess of iodine is not due in any way to 
the catalytic action of chromium chloride. J. F. S. 

Estimation of Active Oxygen in Sodium Peroxide. 

Jaeoslav Milbauer (J. pr. Chem., 1918, [ii], 98 , 1 — 8). — The 
following methods have been proposed for the estimation of active 
oxygen in sodium peroxide: (1) liberation of hydrogen peroxide 
by water followed by titration with potassium permanganate, 
treatment of sodium peroxide with potassium iodide and 
potassium hydrogen carbonate, and titration of the iodine liberated 
with sodium arsenite, and (3) measurement of the oxygen liberated 
by water in the presence of cobalt nitrate. The results obtained by 
the first method are very low, those by the second are somewhat 
better, but still low, whilst the third method gives high results. 
The methods have been critically examined and improved; the 
following processes yield accurate results: (1) Water (100 c.c.) is 
mixed with concentrated sulphuric acid (5 c.c.) and chemically 
pure boric acid (5 grams) ; sodium peroxide (0*5 gram) is gradu- 
ally added to the mixture, which is kept briskly shaken, and the 
liberated hydrogen peroxide is titrated with potassium perman- 
ganate. The usual permanganate method gives low results, since 
a portion of the hydrogen peroxide is catalytically decomposed by 
the manganese sulphate formed during the process. (2) Sodium 
peroxide ia gradually introduced into a solution of potassium iodide 
(2 grams) in dilute sulphuric acid (1 in 20; 200 c.c.); the iodine 
is titrated with standard thiosulphate. The results agree fully 
with those obtained by the permanganate method. (3) Sodium 
peroxide (0*2 — 0’3 gram) is mixed with about 10 c.c. of copper 
sulphate solution (0‘05%) in a small flask connected to a nitro- 
meter; the flask is shaken, and decomposition is complete within 
a minute, when the liberated oxygen is measured. The gas 
evolved contains about 0’32% of carbon dioxide and 0*08% of 
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hydrogen. With cobalt nitrate as catalyst, the results are in. 
variably high ; the authors consider this may indicate the presence 
of an oxide higher than the peroxide. 

The action of the atmosphere on sodium peroxide has also been 
investigated; moisture appears to be more active than carbon 
dioxide ia causing decomposition. H. \V. 

Pregl’s Micro-estimation of Nitrogen. Hans Fischek 
(Ber., 1918, 51, 1322—1325).— The estimation of nitrogen in 
difficultly combustible substances by the micro-Dumas method 
(compare Dubsky, A., 1918, ii, 130) gives untrustworthy results, 
and the author now employs only the original Pregl method. The 
causes of the inaccuracies in the former method are discussed. 

The author uses the micro-Pregl method in preference to the 
Lasaaigne test for the detection of nitrogen in rare or very valuable 
organic compounds. C. S. 

Detection and Estimation of Hydrogen Phosphide in 
Hydrogen. J. 8oyhk (Ann. Chun, anal,, 1918, 23, 221—225). 
— Hydrogen prepared by the action of sodium hydroxide on ferro- 
silicon always contains traces of hydrogen phosphide. The presence 
of the latter may be detected by burning the hydrogen from a 
platinum jet and directing the flame on to the edge of a porcelain 
. basin; the flame has a green coloration. When examined with 
the spectroscope, the flame exhibits the phosphorus spectrum. If 
a drop of water suspended on a glass rod is held in the flame for 
fifteen seconds and then tested with molybdic acid reagent, a 
yellow precipitate is obtained. The amount of hydrogen phosphide 
present is estimated by passing a definite volume (from 2 to 20 
litres) of the gas, together with a large excess of air, through a 
platinum jet arranged in a silicon tube heated to bright redness; 
this tube is inclined slightly, and its lower end is connected with 
absorption vessels containing water. When the desired quantity 
of the gas has been, burned, the tube and the contents of the 
absorption vessels are rinsed into a basin, treated with 5 grams of 
ammonium nitrate, concentrated to about 40 c.c., and the phos- 
phoric acid precipitated with molybdic acid reagent. TSee, further, 
/. Soc. Chem. Ind ., 1918, 765a.] L W. P. S. 

Estimation of Minute Quantities of Arsenic. 0. Billbter 
(Hdv. Chim. Acta , 1918, 1, 475 — 498). — A more extended and 
somewhat modified account of the method previously published 
(A., 1915, ii, 578). 

The estimation of arsenic in organic substances is effected in 
the following manner. The organic matter is destroyed either hy 
treatment with a ?nixture of nitric and concentrated sulphuric 
acids or, in the case of urines, by rendering the latter alkaline with 
sodium carbonate, evaporation to a syrup, admixture with 
potassium perchlorate (2 grams) and potassium sulphate (4 grams) 
for each 100 c.c. of urine, desiccation of the mixture at 120°, and 
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gradual introduction of the latter into a platinum crucible heated 
to dull redness, followed by more intense ignition until tranquil 
fusion is attained. The arsenic is separated from other metals by 
distillation with a mixture of sodium chloride (2 grains) and 
potassium bromide (0’2 gram) for each 20 c.c. of sulphuric acid (the 
addition of hydrazine sulphate previously recommended is found 
to be unnecessary), or, if destruction of organic matter has been 
effected with potassium perchlorate, by treatment with potassium 
bromide (0T — Q-2 gram) and sulphuric acid (90%, 6 c.c.). 
Mercury is completely retained by one distillation, but if antimony 
i? present, it is necessary to redistil after addition of 5 — 6 grams 
of sulphuric acid (90%). Hydrochloric acid is eliminated from 
the distillate by treatment with hypochlorous acid, and the solu- 
tion ia evaporated to dryness. The residue is dissolved in sulphuric 
acid (12%, 1 c.c.) and evaporated on the water-bath to destroy 
any chloric acid that may be present; after addition of water 
(U‘85 c.c.), it is transferred to a Marsh's apparatus. By this 
method, 0*01 mg. of arsenic may be detected. 

The precautions necessary for ensuring the requisite purity of 
the reagents are fully described. The commercial pure sulphuric 
acid is diluted to 85% and heated with sodium chloride (3%) and 
potassium bromide (0‘3%) in a quartz flask; the treatment is twice 
repeated with smaller quantities of salts, and the acid is finally 
distilled from a quartz retort and collected in a quartz flask. 
The nitric acid and the salts are purified by Lockemanris method. 
Zinc is conveniently obtained by the electrolysis of an aqueous 
solution of zinc sulphate, using a zinc anode and copper cathode; 
the metal is obtained in the pulverulent state, and dissolves readily 
in dilute sulphuric acid without being activated. It is free from 
arsenic. Hypochlorous acid is best prepared by the solution of 
chlorine monoxide in water. 

The sensitiveness and constancy of the arsenic mirrors depend 
considerably on the quality of the calcium chloride used in desic- 
cating the gas. Commercial fused calcium chloride is unsuitable, 
as it is always strongly alkaline ; a neutral product can be obtained 
by dehydrating the crystalline substance at 200°, and subsequently 
gradually heating the finely divided product to its melting point 
in a quartz tube in a slow current of dry hydrogen chloride. The 
best results are obtained by starting from metallic calcium. 

H. W. 

Amount of Amorphous Silica in the Soil. Beu von 

Horvath (Bied. Zmtr., 1918, 47, 97— 98).— For tho estimation 
win 6 amorphous silica, 5 grams of the soil are extracted with 
inno CC Q 0 ^ a< ^ sodium carbonate solution for fifteen minutes at 
fir * Solutions of sodium carbonate of greater concentration than 
dissolve silicates and quartz besides amorphous silica, the results 
stained being consequently too high. When estimated by the 
ors method, soil is found to contain only a few milligrams 
per cent, of amorphous silica. H. W. B. 
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Estimation of Metals by Electrolytic Deposition without 
using an External Supply of Electricity. Maurice 
Francois (Compt. rend., 1918, lb7, 725 — 727). — A strip of nickel 
is placed across the top of a platinum crucible, and a zinc rod, 
5 mm in diameter, is suspended from the strip; the rod is notched 
bo as to fit on to the nickel strip, and the lower end of the rod 
extends nearly to the bottom of the crucible. The zinc rod is 
amalgamated at least twenty-four hours before being used, and is 
wrapped in filter-paper, which is tied on to the rod with ordinary 
cotton thread. The electrolyte used for the deposition of silver, 
or gold consists of 9 c.c. of 10% potassium cyanide solution, 5 c.c. 
of potassium hydroxide solution (D 1 * 332), and 2 c.c. of ammonia; 
for the deposition of mercury, the solution should consist of 20 c.c. 
of 10% sulphuric acid containing 0-5 gram of potassium iodide. 
In all cases, the deposition requires twenty-four hours for com- 
pletion. [See, further, J. Soc. Ghent. Ind 1918, 784a.] 

W. P, S. 

Quantitative Estimation of Ions by Microanalytical 
Methods. I. Robert Strebinger (fisterr. Ghent. Zeit., j ii], 
21, 71—73; from Ckem. Zentr., 1918, ii, 471).— The author 
has extended Pregl’s method of quantitative organic micro- 
analysis to inorganic substances, and describes the estimation 
of silver, nickel, arsenic, iron, chromium, and copper, and the 
separations of silver from copper and lead from tin. Precipita- 
tion of nickel with a : benzildioxmie is unsuitable for micro- 
analytical purposes, the results being too high. H. \V. 

Gravimetric Analysis. VI. Estimation of Calcium. 
VII. Separation of Calcium from Magnesium. L. W. 

Winkler (Zeitsch. angew. Ghem. } 1918, 31, 187 — 188, 203, 
214 — 216). — Estimation of calcium as oxalate or carbonate was 
submitted to critical examination. It is recommended that the 
precipitation as oxalate should be made from an acetic acid solu- 
tion in the presence of ammonium chloride; the calcium oxalate 
should be weighed as such, since ignition to oxide is less trust- 
worthy, especially in the presence of sulphates. If the latter are 
present, the oxalate always contains sulphate, but the weight is 
not affected, since the two have practically identical molecular 
weights. For the separation of calcium from magnesium, the 
calcium is precipitated as described from an acetic acid solution; 
the magnesium is subsequently precipitated as ammonium mag- 
nesium phosphate and weighed in this form. [See, further, J. Soc. 
Chem. Ind,, 1919, 29a.] W. P. S. 

Estimation of Calcium and Magnesium in different 
Saline Solutions. E. Canals (Bull. Soc. chim., 1918, [iv], 23, 
422 — 430), — The simplest and most satisfactory method of estim- 
ating calcium is to precipitate it as oxalate in ammoniacal solu- 
tion and weigh it as oxide. The method of precipitation as 
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sulphate and weighing as such is also very exact, providing that 
numerous precautions are taken. [See, further, J. Soc. Chem . 
Idd, January, 1919], W. G. 

Sensitiveness of the most usual Tests for Copper. 

^ Wober ( Osterr . Chem. Zeit [ii], 21, 105 — 107; from Chem. 
7 ( ntr., 1918, ii, 560). — The usual tests for the detection of copper 
Java been investigated with respect to sensitiveness with a view 
ro their application in microanalysis ; the results are given in the 
form of a table. H. W. 

Separation of Hydroxides in the Ammonium Sulphide 
- r oup. W. I). Treadwell ( Schtueiz . Chem. Zeit., 1918, 2, 
yp_61, 71 — 74; from Chem . Zentr., 1918, ii, 663 — 664). — The 
;e paration of bivalent from tervalent metals of the ammonium 
mlphide group by simple precipitation with dilute ammonia from 
solutions containing ammonium salts is generally not quantitative. 
Transitory local excess of the reagent cannot be avoided, and the 
precipitate then carries down varying amounts of the bivalent 
netal. The necessary asymptotic approach to the neutral point 
'an be easily attained by leading a, current of dilute ammonia 
obtained by blowing air through a saturated solution of 
immonium chloride in the presence of calcined magnesia) through 
;he solution. Precipitation by the gas lias the advantage that it 
s possible to approach the neutral point with the necessary caution 
without correspondingly diluting the solution. In the presence 
if manganese, ammonia should not be added until neutralisation is 
?omplete, since the manganese ion is readily oxidised by air in 
leulral solution and passes into the precipitate; neutrality to 
items is the farthest possible limit. In the separation of 
diromium and manganese, the latter is always adsorbed by the 
ihromium hydroxide. The hydroxides of the tervalent metals 
:arry down nickel and cobalt more readily than manganese and 
dnc. The error can be somewhat diminished by precipitating and 
iltering the main portion of the sesquioxides in distinctly acid 
rotation, and subsequently precipitating the remainder from the 
filtrate after fresh addition of ammonium salts. The precipitates 
contain much more basic sulphate than chloride. Precipitates 
from solutions containing sulphates are more sandy in character 
and do not -adhere to glass; when washed, they lose the sulphate 
ion and become slimy. 

Mercuric oxide is not suitable for the precipitation of the ter- 
valent metals of the ammonium sulphide group as hydroxides. 
When warmed with dilute ammonium sulphate solution, it only 
liberates an insufficient quantity of ammonia; addition of 
ammonium chloride effects an improvement, due to the formation 
of complex mercury salts. The precipitates are very easily filtered; 
they are ignited wet, when the admixed mercury compounds are 
quantitatively volatilised . 

For the precipitation of aluminium, chromium, and iron, a 
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freshly prepared mixture of sodium or potassium mtnta acd 
ammonium chloride is to be preferred to the very uwtablt 
ammo nium nitrite. The precipitates obtained from solutions tf 
ferric salts by this process are very difficult to filter, and at, 
greatly contaminated with basic salts. The difficulty may b e 
avoided by displacing the nitrous acid from the solution by , 
current of inert gas at the temperature of the water-bath. The 
utility of the method is limited owing to the oxidising actiou of 

the nitrous fumes. . , . 

A portion of the aluminium remains in solution when a dilute 
solution of aluminium chloride is precipitated by sodium thio- 
sulphate and boiling is continued until sulphur dioxide is com . 
pletcly expelled; precipitation is still less complete in th^case of 
chromium. 


Arsenite Titrations of Permanganate Solutions. Aloke 
Bose (Ghent. News, 1918, 117, 369-370) -Results i of experiments 
are recorded showing that free mfcne acid is not the cause of tie 
abnormally high reducing value of sodium arsenite solution when 
this is used for the titration of permanganate (compare Ibbotson, 
A 1918 ii 175). The formation of manganic compounds does 
net seem to be possible. Some complicated reactions may taie 
place during the titration, but it is quite clear, from the results 
of titrations with ammonium ferrous sulphate solution, that all 
the manganese is present as permanganate before the tatration 
with arsenite is commenced. [See, further, J. Soc. Cftem. Ind., 
1919.] S - 

Separation of Germanium from Arsenic by the Dis- 
tillation of the Chloride in the Presence of a Chromate 

Philip E. Browning and Sewell E, Scott (Amer. J. Set., 1918, 
[ivl 46, 663 — 665). — A modification of a method described 
previously (A., 1917, ii, 546); chromic acid is used to oxidise the 
arsenic, and the germanium chloride is then distilled from the 
hydrochloric acid solution. Five c.c. of 10% potassium dichromate 
solution are sufficient to oxidise 0'25 gram of.arsemous acid. A 
current of carbon dioxide may be passed through the apparatus 
during the distillation to facilitate the removal of the germanium 
chloride. If as little as 0*0005 gram of germanium oxide is pre- 
sent, the distillate yields a white precipitate of germanium sulphide 
on the addition of hydrogen sulphide. [See, further J. 
Chen. Ind., 1918, 786. -J W. P. b. 

The Estimation of Phenol and the Three Isomeric 
Cresols in Mixtures of these Substances. Harry Mbdforti 
Dawson and Christopher x^rchibald Mountford (T., 1918, 113 
935 — 944), 
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XI . — The Sub-acetate arid Suh-sulphate of Lead. 

By Henry George Denham. 

In recent papers the author has shown how lead sub-oxide may be 
converted into the sub-haloid salts by the action of alkyl haloid 
vapour (T., 1917, HI, 29; 1918, 113, 249); in the present paper 
a somewhat similar method has been used for the preparation of 
lead sub-acetate and sub -sulphate. 

In all these experiments, the lead sub-oxide was prepared by 
the decomposition of pure lead oxalate according to the method 
previously described (loc. cit.). The same precautions have been 
followed in order to secure thorough preliminary heating of the 
reacting gases, the vapour being passed through a capillary spiral 
tube contained in the oven before it came in contact with the 
sub-oxide. The only modification necessary in the distillation has 
been that no drying agent was used in the apparatus, and it was 
necessary to heat electrically all the leading tubes in order to 
prevent undesired condensation and to secure a steady rate of 
distillation. 


Preparation of Lead Sub-acetate. 

Preliminary experiments were carried out with methyl acetate. 
About 10 c.c. of a carefully dried sample of this substance were 
distilled through about 0'75 gram of lead sub-oxide, the duration 
of the experiment being approximately ninety minutes. Analysis 
of the product indicated that at 310° the sub-acetate decomposes 
completely, metallic lead being formed, whilst at temperatures 
much below this, the reaction proceeded too slowly to appear 
promising. Ethyl acetate behaved similarly, and an experiment 
was then carried out with acetic anhydride. 

Lead sub-oxide mixed with about four times its weight of 
powdered glass was prepared in two bulbs (for details, see T., 1917, 
111, 29), and the apparatus filled with oxygen-free nitrogen. 
About 8 c.c. of carefully fractionated acetic anhydride were distilled 
through the bulbs at 195°, as recorded on a standardised platinum 
thermometer. This slow distillation generally lasted about eighty 
to ninety minutes. The oven was then cooled to about 180°, and 
the apparatus was exhausted by means of a Sprengel pump. The 
bulbs were then sealed oif and were available for analysis. By this 
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procedure, any trace of acetic anhydride could be removed from 
the bulb without causing any decomposition of the sub-acetate. 

One difficulty still remained. Traces of water were found to be 
retained most tenaciously by the sub-acetate. A few samples 
which were quite free from moisture were prepared, but in general, 
although the ratio of lead to acetate in the compound agreed with 
the theoretical ratio for lead sub-acetate, from 1 to 3 per cent, 
of water was also present. The presence of the water was 
repeatedly verified by the action of heat, a liquid which rendered 
anhydrous copper sulphate blue being fairly readily expelled. 

Traces of acetic acid were generally present in nearly all the 
samples of acetic anhydride used, and this probably accounted for 
the presence of water in the sub-acetate. However, as the 
anhydrous and the hydrated sub-acetate showed no difference in 
solubility and general properties, anhydrous acetic anhydride was 
used only in certain control experiments. 

Found: Pb = 77-6, 77*9, 77*9; C 2 H 8 0 2 ==22-3, 22*0, 22*2. 

CH 3 *C0 2 Pb requires Pb = 77*82; C 2 H 3 0 2 =22T8 per cent. 

In seven experiments made with acetic anhydride containing 
traces of acetic acid, the average of the analyses was Pb = 75’8; 
C 2 H 3 0 2 = 21*5. There is a possible hydrate of the formula 
(CH 3 ‘C0 2 Pb) 2 ,H 2 0 which contains Pb = 75*3 per cent., and it 
appears probable that where acetic anhydride containing traces of 
acetic acid is used, the product is the hydrate, containing more or 
less of the anhydrous sub-acetate. Thus in two experiments, in 
which the same sample of acetic anhydride was used, after a dis- 
tillation lasting ninety minutes, the percentage of lead was: 
(a) bulb 1, 75 4, bulb 2, 75*2; ( b ) bulb 1, 75*1, bulb 2, 75*2. 


Properties of the Sub-acetate . 

In order to obtain evidence of the existence of the sub-acetate, 
determinations of the conductivity of a saturated solution of the 
substance and of the normal dehydrated acetate were carried out 
in absolute alcohol at 25°. The apparatus and method previously 
described (loc. cit.) were again used in order that traces of oxygen 
might be excluded when the sub-acetate was used. The resistance 
of the alcohol was 90,000 ohms, whilst that of a saturated solution 
of the normal acetate was 4100 ohms, and of the sub-acetate, 
(«) 6100, (6) 6400, (c) 6000 ohms. 

As further evidence of the existence of a definite sub-acetate of 
lead, experiments on the decomposition of the normal acetate and 
the sub-acetate were undertaken, A sample of the anhydrous 
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normal- acetate was heated in a vacuum and the temperature slowly 
raised. At 200°, a very slow evolution of gas occurred, becoming 
ratter brisker at 240°. The temperature was then kept constant 
and the pump kept in action for nineteen hours. Gas was still 
very slowly evolved, and it was found that the acetate had scarcely 
changed colour, and there was a considerable crop of long, white, 
needle-like crystals which had volatilised out of the bulb into the 
relatively cooler leading tube within the oven. 

A sample of the sub-acetate was then similarly treated. At 
200°, gas was slowly evolved, the evolution becoming brisker at 
^40°. After seven hours at 240°, gas was still being evolved 
slowly, and a small, volatilised band of white, amorphous, basic 
material was found outside the furnace, whilst the material in the 
bulb had undergone a marked change. It was now full of long, 
leedle-like, greyish crystals. This change, from a finely crystal- 
ine, bluish-grey substance into a mass of grey, needle-like crystals, 
,vas very marked, as, too, was the entire absence of the volatilised, 
phite, needle-like crystals obtained in the decomposition of the 
normal acetate. The behaviour on heating the different acetates 
la a vacuum is so different that it would be difficult to maintain 
the view that the sub-acetate is a heterogeneous mixture of metal 
md normal acetate, and these results, coupled with the different 
conductivity of the saturated solutions, must rather be held to con- 
firm the view of the chemical individuality of the sub-acetate. 
The sub-acetate exhibits the same behaviour towards acids as other 
sub-salts of lead, namely, it is rapidly decomposed into metal and 
normal salt. 


Lead Sub -sulphate. 

Methyl sulphate was distilled through lead sub-oxide at 280° 
for about seventy-live minutes, the manipulation being similar to 
that already described for the sub-haloid salts of lead ( loc . cit.). 
No difference in behaviour or in appearance was detected in the 
products prepared from lead sub-oxide or from the sub-oxide 
diluted with four times its weight of silica. On the other hand, 
when the distillation was carried out at 310°, and the silica 
omitted, the resulting grey mass was seen under the microscope 
h> contain clusters of white crystals in a dark background, and was 
clearly heterogeneous. 

In the sub-sulphate prepared according to the above method, the 
lead was estimated by conversion into lead sulphate, and the 
sulphate by treating the sub-salt with dilute nitric acid, evapor- 
a ting to dryness, washing out the lead nitrate, and weighing the 
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residue in a Gooch crucible as lead sulphate. Owing to th% 
presence of traces of carbonaceous matter, the precipitate was 
generally faintly grey until after gentle ignition. 

Found: Pb = 81'25, 8162, 81*30, 81*29; S0 4 =18-65, 18 56, 
18-80, 18-62. 

PbS0 4 requires Pb=8118; S0 4 = 18-82 per cent. 

Properties of the Sub-sulphate, 

The action of acids on the sub-sulphate is similar to their action 
on the sub-haloid salts. A solution of ammonium acetate when 
boiled with the substance leaves a deposit of spongy lead. In 
order to test the chemical individuality of a saturated solution of 
the salt, determinations of the conductivity in water and alcohol 
at 18° were made. The resistance of the water was 27,000 ohms, 
whilst that of a saturated solution of lead sulphate was 3030 ohms, 
and that of the sub-sulphate was (a) in air, 3100 ohms, and (b) in 
a vacuum, 3200 ohms. 

The difference is so slight that it appears highly probable that 
there is decomposition into lead and lead sulphate, although no 
visible change occurred in the appearance of the residue. 

The resistance of the alcohol was 90,000 ohms, whilst that of a 
saturated solution of lead sulphate was 93,000 ohms, and of the 
sub-sulphate 75,000 ohms. 

Although a much more marked difference was obtained, the 
evidence afforded by the conductivity method was still so incon- 
clusive that further evidence as to the individuality of the salt 
was sought by investigating the influence of temperature on the 
sub-sulphate. Were the substance a heterogeneous mixture of lead 
and lead sulphate, a rise in temperature above the melting point 
of lead would be expected to cause a pronounced change in the 
appearance of the finely divided lead. Before heating the sample, 
some of it was carefully observed under the microscope, aud no 
sign whatever of heterogeneity was noticed, but the whole appeared 
a uniform iron-grey. The temperature was raised 120° above the 
melting point of lead for a period of four hours. On cooling, the 
microscope failed tc reveal any change whatsoever in the appear- 
ance of the salt. The entire absence of anything in the nature of 
minute globules of lead certainly supports the contention that this 
greyish substance is definitely lead sub-sulphate. 

Conclusion. 

(1) Lead sub-acetate has been obtained by the action of acetic 
anhydride on lead sub-oxide at 195°. 
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(2) The substance is bluish-grey, and behaves similarly to other 
sub-salts of lead. 

(3) Its solubility in alcohol differs slightly from that of the 
normal acetate, but the behaviour of the two acetates on heating 
in a vacuum supports the view of the chemical individuality of 
the sub-acetate. 

(4) The sub-sulphate has been prepared by the action of methyl 
jiilphate vapour on the sub-oxide at- 280°. 

(5) The substance is dark grey; conductivity experiments 
indicate that it decomposes on solution in water, but it appears 
more soluble in alcohol than does the normal sulphate. 

(6) On heating the substance 120° above the melting point of 
lead, no change in its appearance could be detected or any sign of 
globules of lead. 

In conclusion, the author begs to thank the Walter and Eliza 
Hall Trust for the facilities placed at his disposal for the prosecu- 
tion of this work. 

The Department of Chemistry, 

University of Queensland, 

Brisbane. [Received, January Utk, 1919.] 


XII . — The Synthesis of Ammonia at High 
Temperatures. Part III . 

By Edward Bradford Maxted. 

In previous communications (T., 1918, 113, 168, 386), some 
account has been given of the formation of ammonia in a rapidly 
cooled high-tension arc and in water-cooled flames, and evidence 
bas been brought forward to show that the percentage of ammonia 
m equilibrium with nitrogen and hydrogen, after decreasing with 
increasing* temperature, passes through a minimum value, and at 
very high temperatures increases with increasing temperature, a 
result which may also be shown thermodynamically. 

A determination of the equilibrium ammonia-content at the 
temperature of the high-tension arc (J. Soc. Ckem. hid., 1918, 37, 
-32) gave approximately 1-7 per cent, by volume for the equil- 
ibrium percentage at atmospheric pressure under the experimental 
conditions employed, and yields of ammonia up to 1*5 per cent, 
could be recovered by suitable cooling. 
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This reversal in the direction of variation of the equilibrium 
ammonia-percentage with temperature appears to be sufficiently 
interesting to justify further study, and it is proposed in the pre- 
eent paper to deal with the formation of ammonia in an arc of 
larger size and more usual character than those hitherto employed, 
For the production of the arc, single-phase, 50-cycle alternating 
current supplied at a maximum potential of 375 volts was trans- 
formed to high tension by means of an oil-immersed static trans- 
former having a step-up factor of 31*5. 

It was found easily possible to obtain an appreciable concen- 
tration of ammonia by almost any method by which the mixture 
of nitrogen and hydrogen was brought into contact with the arc 
flame with subsequent rapid cooling, for instance, by means of a 
blown arc similar to that used by McDougall and Howies ( Proc . 
Manchester Phil. Soc., 1900, 44 , No. 13) for the synthesis of nitric 
oxide, but in such cases a considerable proportion of the gas mix- 
ture blown into the arc failed to reach the requisite uniform high 
temperature, and for a preliminary study of the maximum per- 
centage of ammonia formed, as distinguished from the maximum 
quantity formed with a given expenditure of electrical energy, it 
was considered preferable to allow the arc to burn freely in the 
reacting gas mixture and to draw off samples of gas by means of 
a silica tube of small diameter placed in close proximity to the arc. 

The latter part of the present paper was carried out with a 
view to bringing additional evidence that the formation of 
ammonia at high temperatures really takes place by the direct 
union of hydrogen and nitrogen, and not by the subsequent reduc- 
tion of nitric oxide formed from traces of oxygen in the reacting 
gases. 

It should, further, be stated in this connexion that the mixture 
of nitrogen and hydrogen employed in all experiments reported 
both in this and in the previous papers was as far as passible free 
from oxygen, and in ho case contained sufficient of this to account 
for such secondary formation of any appreciable part of the 
ammonia obtained. 


Experimental. 

The apparatus employed is shown in the figure. The electrodes 
A and B are of platinum, and terminate in small spheres slightly 
more than I mm. in diameter. C is a thick-walled capillary silica 
tube, its upper end being opened out and flattened so as to form 
a slit approximately 4 mm. long and 1*5 mm. wide. The silica 
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wall bounding the ends of this was ground away, and in the 
depressions thus formed at each end of the silica slit, the electrodes 
res ted, the lower part of the tube being circular in section and 
about 1‘5 mm. in internal diameter. 

The arc was enclosed in a large inverted flask provided with a 
side-tube and three-way tap, 7), for preliminary exhaustion and 
subsequent admission of the gas to be subjected to the action of 
the arc, this gas normally passing into the flask at D and leaving 
the system by way of the silica tube already described. 

For the following measurements, the current employed for aro 
formation was limited by the interposition ol an adjustable resist- 
ance on the low-tension side of the transformer. 

The platinum electrodes became 
quickly white hot and the arc flame 
burned steadily across the slit, and was, 
to a certain degree, drawn into the 
tube by the current of gas. Sufficient 
cooling for the recovery of the greater 
portion of the ammonia formed and 
for the prevention of the fusion of the 
silica tube was obtained without water- 
cooling, provided that a thick-walled 
silica capillary was used and that the 
arc employed was not too large. 

Samples of gas, taken at various 
rates, were analysed by passage through 
N /10-acid, and in some cases, by allow- 
ing a small volume to pass through 
Nessler’s solution, practically identical 
results being obtained from each 
method of analysis. 

The quantity of ammonia observed 
is influenced necessarily, not only by the temperature of the arc, 
but also by heating and cooling factors. With very slow currents 
of gas, heating to arc temperature occurs satisfactorily, but the 
ammonia formed undergoes considerable decomposition owing to 
the slowness with which it leaves the region of maximum tempera- 
ture. Passage of the gas too quickly through the arc results in 
imperfect heating, such rapid passage, however, involving rapid 
cooling, and consequently a more complete retention of the 
ammonia formed. 

It will be seen from table I that the concentration erf the 
ammonia recovered at the ordinary temperature first of all rises 
rapidly with increasing velocity of passage, then passes a maximum 
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value, the percentage of ammonia subsequently falling gradually 
with still greater velocities of passage. This form of the concentra- 
tion-velocity curve is a necessary result of the nature of the heat* 
iug and cooling factors discussed above. 

The issuing gas, of course, had a strong odour of ammonia at all 
the rates of flow studied, and the percentages obtained were of the 
same order of magnitude as those previously observed with small 
arcs not produced directly by a high-tension current of the usual 
siuusoidal wave form. For this series of experiments, 0‘ 04 ampere 
at a potential of 3250 volts was taken for arc-fonnation. 


Table I. 


Gas Mixture : Jitroyen, 25 per cent.; Hydrogen 75 per cent. 


Rate of flow 

Concentration of 

Rate of flow 

f cnccntratiou of 

of gas in litres 

ammonia per 

of gas in litres 

ammonia per 

per hour. 

cent, by volume. 

per hour. 

cent, by volume. 

0-5 

0-49 

3-4 

0*49 

0-57 

0-6 

(3-4 

0-45) 

0-85 

1-2 

4-fi 

0-43 

114 

104 

6*1 

0-40 

2-1 

0-58 

7-5 

0-36 

(21 

0*56) 

(7-5 

032) 


It appears desirable at this point to discuss the evidence that 
the formation of ammonia at high temperatures takes place by the 
direct union of nitrogen and hydrogen, and not secondarily by the 
reduction of nitric oxide formed from nitrogen and traces of 
oxygen in the reacting gas. The point is of fundamental import- 
ance in any consideration of the variation of the ammonia equil- 
ibrium with temperature, and for this reason has been examined in 
such a way as to place beyond doubt the direct nature of the 
synthesis of ammonia at arc temperatures. 

It may easily be shown from a consideration of the nitric oxide 
equilibrium, particularly on account of the small partial pressure 
of the nitrogen in the gas mixture employed, such mixture consist- 
ing uniformly of 25 per cent, of nitrogen and 75 per cent, of 
hydrogen, that a tra^e of oxygen, amounting to 1 per cent, by 
volume or less, will not account for the percentage of ammonia 
obtained, even assuming that all the nitric oxide which can be 
formed under the conditions of experiment is quantitatively 
reduced to ammonia. The amount of nitric oxide that can be 
formed from nitrogen and oxygen at partial pressures of the order 
mentioned is depressed, by the ratio of partition of oxygen between 
hydrogen and nitrogen, to a very small fraction of the already 
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^mall percentage which may be calculated as capable of being 
formed from a consideration of the nitric oxide equilibrium 
only- 

In spite, however, of the small order of magnitude of the per- 
centage of ammonia that might be formed secondarily from the 
traces of oxygen which are always present in commercial gases, it 
was considered preferable, both for the work described in the 
present paper and for all measurements of the formation of 
ammonia at arc temperature previously reported, to employ a gas 
known to be free from oxygen within the limits of the ordinary 
methods of analysis. 

This gas was prepared in a manner similar to that used by 
Haber and Van Oordt (Zeitsch. atiorg. Chem., 1905, 44 , 341) for 
their determinations of the ammonia equilibrium at lower tempera- 
tures in the presence of a catalyst, by decomposing ammonia by 
passage through a heated iron tube, the mixture of nitrogen and 
hydrogen produced being carefully and thoroughly freed from 
ammonia by treatment with sulphuric acid and compressed for 
convenience into a previously exhausted steel cylinder by means 
of a totally immersed compressor of such design as to render 
impossible any penetration of air to the gas during compression. 
Each cylinder of nitrogen and hydrogen prepared in this way was 
carefully tested for absence of ammonia before use, by bubbling 
a considerable volume through Nessler’s solution. The gas-mixture 
contained certainly less than 01 per cent, of oxygen, from which 
percentage the ammonia capable of being formed secondarily would 
be negligible, and in any case incapable of accounting for a yield 
of ammonia of 1 per cent, or more. 

In a few preliminary measurements, a gas was used which had 
been made by the catalytic removal of traces of oxygen from a 
mixture of commercial hydrogen and nitrogen by passage over a 
heated metal, but whilst the resulting gas was equally satisfactory 
from the point of view of the yield of ammonia obtained by passage 
through an arc, the preparation, of an oxygen-free mixture in this 
way was more troublesome than by the first method. 

In addition to employing a gas free from oxygen, it was con- 
sidered interesting to examine the synthesis at arc temperature 
under such conditions that the same volume of nitrogen and 
hydrogen was repassed a number of times through the arc, the 
ammonia formed at each passage being absorbed and measured. 
It is obvious that any trace of oxygen would, particularly by 
reason of the hydrogen present, be removed during the first few 
passages through the arc, and that the conversion to ammonia of 
an approximately constant percentage of the gas-mixture during 

IT* 
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each successive passage would confirm beyond doubt the direct, 
nature of the synthesis. 

The experimental method employed consisted in confining a 
known volume of an oxygen-free mixture of nitrogen and hydrogen 
in a graduated vertical glass capillary tube about 1 metre long, 
The upper end of this tube was fused on to a second, short, hori- 
zontal capillary tube containing platinum wire electrodes 0‘5 nun, 
apart, between which a small induction arc, as described in a 
previous communication, could be formed, this second capillary 
tube ending in a small absorption pipette filled with dilute 
sulphuric acid. The lower end of the graduated capillary tube was 
sealed by means of mercury covered with a small quantity of 
sulphuric acid, and, by the regulated motion of this seal up and 
down the graduated tube, the thread of gas could be passed and 
repassed through the arc as often as desired. An approximately 
uniform rate of passage was obtained by making the graduated 
capillary tube one limb of a U-tube and causing the required 
motion by means of a mercury flow, this being normally regulated 
so that each double passage through the arc occupied about six 
minutes when 1 c.c. of the gas mixture was taken for experiment, 

Working as above described, the ammonia formed during each 
upward passage was removed by the small absorption pipette sealed 
to the other end of the short capillary arc tube, whilst that pro- 
duced during each downward passage was absorbed by sulphuric 
acid clinging to the side of the graduated capillary. The arc tube 
was, of course, not allowed to become wet on account of the danger 
of fracture, and the thread of gas, after its introduction, passed 
no joints by means of which penetration of air might occur. 

Table II summarises the results obtained in two experiments of 
this nature, , the estimation of ammonia being in this case carried^ 
out volumetrically by noting the contraction after each passage. 
A preliminary small expansion occurred on starting the arc, and 
passage was only begun after the volume had become more or less 
constant. 

The yields of ammonia are much the same as those previously 
found for such arcs by other methods of analysis and with more 
accurate control over the rate of passage. Probably, by reason of 
the more rapid nature of the cooling, the yields are slightly higher 
than those obtained with the larger arc described in the first part 
of the present paper. Each cm. of the graduated capillary corre- 
sponded with 0*01 c.c. of gas, so that the volume could be read off 
with fair accuracy to O'OOl c.c. 
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Table II. 


No. of 

OXpt. 

1 


Contraction 

VoL of gas No. of pas- after double 
passed through sages since be- passage through Percentage of 


arc. 

ginning of 

arc. 

ammonia 

e.c. 

expt. 

c.c. 

formed. 

0*74 \ 

(original volume) I 

2 

0*025 

1*7 

0*716 

4 

0*025 

1*7 

0*69 

6 

0-02 

1*5 

0*67 

8 

0*025 

1*9 

0*645 

10 

0*018 

1*4 

0*627 

12 

0*022 

1*8 

0*605 

14 

0*015 

1*2 

0*59 

16 

0*02 

1*7, 

0*825 \ 

(original volume) J 

2 

0*03 

1*8 

0*795 

4 

0*025 

1*6 

0*77 

6 

0-02 

1*3 

0*75 

8 

0*027 

1*8 

0*723 

10 

0*023 

1*6 

0*70 

12 

0*02 

1*4 

0*68 

14 

0*025 

1*8 

0*655 

16 

0*025 

1*9 

0*63 

18 

0*025 

2*0 

0*605 

20 

0*01 

0*8 

0*595 

22 

0*02 

1*7 

0*575 

24 

0*02 

1*7 

0*555 

26 

0*023 

2*0 

0*532 

28 

0*022 

2*0 

0*51 

30 

0*02 

1*9 

0*49 

32 

0*015 

1*5 

0*475 

34 

0015 

1*6 


The experimental conditions, including control of rate of flow 
and the method of analysis, were not suitable for very accurate 
measurements, but the approximate constancy of the yield of 
ammonia, and especially the absence of any indication that a 
normal amount of ammonia is formed during the first passage and 
little or none during subsequent passages, appears to demonstrate 
without doubt the direct nature of the synthesis at high 
temperatures. 

[deceived, December 23rd, 1918.] 


XIII . — The Effect of some Simple Electrolytes on 
the Temperature of Maximum Density of Water. 

By Robert Wright. 

Rosetti [Ann. Chim. Fhys., 1867, [iv], 10 , 461; 1869, 17 , 370) 
has given a fairly exhaustive account of the early work carried out 

F* 2 
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on the determination of the temperature of maximum density 0 f 
water and of a few salt solutions. A considerable portion of this 
work is due to Despretz (Ann. Ckim. Phys 1839, [ii], 70, 49; 
1840, 73, 296), and the most important result is embodied in the 
following law named after that investigator: ' £ The lowering of 
the temperature of the point of maximum density of water caused 
by the addition of a solute is directly proportional to the concen- 
tration of the latter.” 

An attempt was made by Rosetti to connect the lowering of the 
temperature of maximum density brought about by the addition 
of a solute with the lowering of the freezing point produced by 
the same cause, but it was found impossible to formulate any 
general law, for although the ratio of the two lowerings was 
constant for any given solute at different concentrations, still a 
different ratio was obtained by the use of a second solute. In 
other words, whilst the lowering of the freezing point — being con- 
nected with the osmotic pressure of the solution — depends only on 
the concentration of the solute molecules, the lowering of the point 
of maximum density depends oil the nature as well as on the 
number of dissolved molecules. 

Coppet, in a series of researches (Ann. Chhn. Phyx. } 1894, [vii|, 
3, 246, 268; Compt. rend., 1897, 125, 533; 1899, 128, 1559; 1900, 
131, 178; 1901, 132, 1218; 1902, 134, 1208), has determined the 
molecular lowering of the temperature of maximum density for a 
number of salts of the alkalis, that is, the lowering produced by a 
gram-molecule of salt per litre, and the following table contains 
the more important of his results : 


Table I. 



Chloride. 

Bromide. 

Iodide. 

Rubidium 

11*7 

13-2 

15*6 

Potassium 

11*6 

12*8 

15*4 

Sodium 

1 3*2 

14*5 

17*0 

Lithium 

6*0 

7*0 

8*3 

Ammonium 

7-2 

8*7 

11*1 


From an examinatic i of these figures, Coppet points out that 
of the three acid radicles, the iodide has the greatest and the 
chloride the least effect, ahd as a general conclusion states that: 
“Le rapport entre les abatements produit par le chlorure et le 
bromure (ou le bromure et le iodure) du meme metal est sensible- 
ment le meme pour tous les metaux du groupe.” The ratio varies 
between the values O' 78 and 0*91. 

From the results of the present investigation, carried out with 
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monobasic inorganic acids and their salts with univalent metals, it 
will be shown that the lowering produced by any given salt con- 
forms to a simple general rule, and can, in fact, be calculated from 
the known lowerings produced by other salts. The results of the 
measurements are given in table II, which contains the figures 
obtained for solutions varying in strength between semi- and one- 
sixteenth-molecular, the normal, or molecular lowerings, being 
calculated from those of lower concentration. 


Table II. 

lowering of the Temperature of Maximum Density of Salt 
Solutions. 


HC1 

M/16. 

M/8. 

0*7 

M/4. 

1*3 

M/2. 

2-6 

Molecular 

lowering. 

5*2 

LiCl 

— ■ 

— 

1*4 

2-8 

5*6 

XaCl 

— 

1*6 

3*7 

6-2 

12*4 

Kd 

— 

1-4 

2*8 

5*5 

11-0 

NH,C1 

— 

1-0 

1*8 

3*6 

7*2 

HBr 


09 

1*8 

3*7 

7*4 

LiBr 

— 

— 

1*9 

3-8 

7*6 

XftBr 

— 

1-8 

3-7 

7*4 

14-8 

KBr 



16 

3-2 

0*5 

130 

NHJBr 

— 

12 

2* 3 

4-7 

9*4 

HI 



1-2 

2-2 


8*8 

Lif 

— 

1-2 

2 3 


9*2 

Nal 

1-0 

2*0 

4*0 


16*4 

KI 

0*9 

18 

3*7 



14*8 

XH,I 

0-7 

1*4 

2*7 


108 

HNO s 

0-8 

16 

3*1 


12*4 

UNO, 

— 

1*6 

3*1 


12*4 

NaN0 3 

1-3 

2*5 

5*0 



200 

KNO, 

1-1 

2*2 

4*5 


18*0 

NH 4 N0 3 

09 

1*8 

3*6 

— - 

14-4 


It will be seen at once that the results agree with the law of 
Despretz, the semi-molecular solutions giving twice the depression 
of the corresponding fourth-molecular. Further, it is obvious that 
the lowering is not connected with the osmotic pressure, as the 
values shown for the molecular lowerings of different solutes vary 
’greatly ; nor is a consideration of the difference in the degree of 
ionisation sufficient to account for this abnormality, since the 
various solutions of any given concentration are practically ionised 
to the same extent. 

The regularity running through all the measurements can readily 
be seen if the difference between the lowering shown by any acid 
and, say, its sodium salt is considered. This difference for the four 
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acids tabulated has the values 7*2, 7*4, 7*6, and 7*6; thus the replace- 
ment of the hydrogen ion by sodium causes a practically constant 
increase in the molecular lowering. A similar increase is found 
when potassium is used instead of sodium, the average value being 
5*75, whilst for ammonium the value is 2*0. Further, the same 
effect is observed in the case of the acid radicle; thus, the replace- 
ment of chlorine by bromine increases the molecular lowering by 
2*1, whilst the substitution of iodine for chlorine causes an increase 
of 37. 

From*a consideration of these results, it is evident that each 
acidic or basic radicle has its own effect on the lowering of the 
point of maximum density, and that the effect produced by a salt 
is equal to the sum of the lowerings caused by the metallic and 
acidic radicles. Hence, if we take the molecular lowering of 
hydrochloric acid — which gave the smallest effect of all the sub- 
stances examined — as standard, we can obtain the molecular lower- 
ing of any salt or acid by the addition of two numbers, one corre- 
sponding with the acidic and the other with the basic radicle of 
the salt. It will at once he seen that there is a close resemblance 
between the above conclusion and Valson’s law of moduli, which 
states that the density of a normal salt solution is the sum of an 
acidic and a basic effect, and can, in fact, be calculated by adding 
to the density of a normal solution of a standard substance- 
ammonium chloride — two figures or moduli, one characteristic of 
the acidic and the other of the basic radicle of the salt. 

The moduli for the lowering of the point of maximum density 
are given in table III, and the molecular lowering of any salt can 
be found by adding to the molecular lowering of hydrochloric acid 
(5*2) the two moduli corresponding with the given salt. For ex- 
ample, the calculated lowering for potassium nitrate would be 
5*2(hydrochloric acid) + 5 , 75(potassium)-f 7*2(nitrate) = 18*15, the 
actual value found being 18 0. Several values for each modulus 
calculated from different salts are shown in the table, together with 
the mean value derived from them. 

Table III. 



Cl. 

Br. 

I. 

no 3 . 

Average. 

Li 

.... 0*6 

0-2 

0-4 

0*0 


0-3 

Na 

.... 7-2 

7-4 

7*6 

7*6 


7*45 

K 

.... 5-8 

5-6 

6*0 

5-6 


6*75 

nh 4 

.... 2-0 

2-0 

2*0 

2*0 


20 


H. 

Li. 

Na. 

K. 

nh 4 . 

Average. 

Br 

.... 2-2 

2*0 

2*4 

20 

2*2 

2-2 

I 

.... 3-6 

3*6 

4*0 

3*8 

3-6 

3*7 

NO, 

.... 7-2 

6*8 

7*6 

7*0 

7*2 

7*2 
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It should be noted that a similar set of moduli could be calcu- 
lated from the molecular lowerings given by Coppet, although as 
a rule his values would not be identical with those tabulated ; the 
results, however, approximate to one another fairly closely con- 
sidering the difference in the experimental methods employed. 

We may next consider the results obtained with the weak mono- 
basic organic acids in comparison with their highly ionised salts. 
Formic, acetic, and propionic acids, together with their sodium 
and ammonium salts, have been examined. 



Table IV. 




Nj 8. 

27/4. 

27/2. 

N. 

Formic acid 

— 

1*7 

3-6 

7*2 

Na salt 

1-6 

3-2 



12-8 

NH 4 salt 

... — 

1*7 

3-6 

7-2 

Acetic acid 

— 

1-8 

3-7 

7-4 

Na salt 

1-5 

3-0 



12*0 

NH* salt 

... — 

1-6 

3-1 

6*2 

Propionic acid 

— 

2-0 

4-0 

8*0 

Na salt 

1-5 

3-0 

— 

120 

NH 4 salt 

— 

1-7 

3-4 

6*8 


The results do not show the normal change, 7'6, which was 
obtained with strong acids when the hydrogen atom was replaced 
by sodium, but the difference between the values for the sodium 
and ammonium salts is constant in all three cases and is identical 
with that obtained in the case of the inorganic acids. In other 
words, the highly ionised salts of organic acids behave in the normal 
manner, whilst the feebly ionised acids themselves are abnormal. 

The dibasic acids, with their acid and neutral salts, are also of 
interest. 


Table Y. 


Sulphuric acid 

Mf 16. 

Mf 8. 

3-0 

M/4. 

6-1 

M. 

24-4 

NaH salt 

2-0 

4*0 


32*0 

Na a salt 

2*0 

40 

— 

32-0 

Oxalic acid 

— 

1-5 

3-0 

120 

NaH salt 



2*4 


19-2 

t 

!.’* 2-0 

4-0 

— 

320 

Succinic acid . . . 


1-7 

3 4 

13-6 

NaH salt 



2*5 


200 

Na, salt 

!!! i-5 

2*9 

— 

23*2 


It will be seen that the replacement of one hydrogen atom by 
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sodium in the two stronger acids gives values approximating to the 
normal, whilst succinic acid gives a slightly lower value, thus re- 
sembling the weak monobasic acetic and propionic acids. In all cases, 
the replacement of the second hydrogen atom is quite abnormal 
and differs widely in the three cases. From the normal behaviour of 
the acid salt, it may be concluded that the ions of sodium hydrogen 
sulphate consist mainly of Na* and HSO/, and not H and NaSO/, 
It should be noticed that as the greatest concentration examined 
in these acids was Mf 4, the results are not so accurate as with the 
monobasic acids. 

The results obtained for the salts of the bivalent metals show 
great irregularities, probably on account of the complex ions which 
are present. For example, the molecular lowering obtained for 
barium chloride was 24G and for barium nitrate 32-8, from which 
the two values 14*2 and 8*0 are obtained for the modulus of 
barium. Similar varying results can be obtained from the figures 
given by Coppet and Muller (0 oin.pt, rend., 1902, 34 , 1208) for 
the lowerings shown by the halogen salts of barium and calcium. 


Table VI. 



Molecular lowering. 

Modulus. 

Barium bromide 

25-14 

26-28 

10-9 

Barium iodide 

29-24 

29-42 

11*7 

Calcium chloride 

18-0 

18-3 

7-8 

Calcium bromide 

20-12 

20-93 

5-7 

Calcium iodide 

2609 

26-63 

8-7 


It will be seen at once that there is no regularity comparable with 
the case of the univalent metals. 


Experimental. 

The apparatus employed is shown in the diagram; it consists of 
a dilatometer with a capacity of about- 50 c.c. and fitted with a 
stem 25 cm. long ard of 0*5 mm. bore. To compensate for the 
change in volume with temperature, a portion of the bulb is filled 
with mercury; the fraction of the total dilatometer volume thus 
filled is equal to the ratio between the coefficients of cubical ex- 
pansion of glass and mercury, so that, on a change of temperature, 
the expansion or contraction of the metal exactly compensates the 
expansion or contraction of the bulb, the volume of the latter 
unoccupied by the mercury thus remaining constant. 

The dilatometer is filled by means of a tap funnel and a vacuum 
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pump. The stem of the dilatometer passes through a rubber cork 
fitted into the opening of the tap funnel which contains the liquid 
to be introduced into the dilatometer. The funnel and the 
attached dilatometer is now inverted and connexion made between 
it and a filter pump. As the pressure is lowered, the air in the 
dilatometer bulb bubbles through the liquid in the funnel, and on 
detaching from the pump, the liquid is forced into the dilatometer 
by the action of the atmospheric pressure. A second and a third 
exhaustion are usually necessary, and the last trace 
of air in the bulb is removed by heating. The 
dilatometer, with the funnel still attached, is now 
placed in a vacuum -jacketed vessel filled with brine 
at about 5°, and allowed to cool. When the 
apparatus has attained the temperature of the 
surrounding liquid, it is disconnected from the tap 
funnel and a few shavings of ice are added to the 
liquid in the vacuum flask; air is then driven 
through the cooling mixture, so as to stir it until 
the ice has melted. The apparatus is now left for 
a quarter of an hour to allow the dilatometer to 
assume the temperature of the bath ; this tempera- 
ture is then noted, and the level of the liquid in 
the dilatometer tube measured; the apparatus is 
again left, and readings are taken at five-minute 
intervals until the liquid in the dilatometer ceases 
to contract; this precaution is necessary in order 
to ensure* that the whole apparatus is in a state 
of thermal equilibrium. A further small quantity 
of ice is now added so as to lower the temperature 
a fraction of a degree, and the process repeated. 

After several additions of ice, the liquid in the 
dilatometer reaches its point of maximum density, 
and on further cooling it- expands. As this point 
is approached, the coefficient of expansion of the 
liquid diminishes, so that it is difficult to deter- 
mine the exact temperature of maximum density, 
and the readings given are only accurate to within about 

After a measurement, the instrument is warmed, so as to expel 
a little of the contents, and is then inverted so that the mercury 
runs out. This mercury is dned and reserved for the next deter- 
mination, whilst the rest of the contents of the dilatometer are 
lemoved by means of the filter pump. The instrument is then 
rinsed with the next liquid to be investigated, and, after the re- 
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introduction of the mercury, it is filled with the solution and the 
measurement made as before. 

A few other points may be noted. The coefficient of expansion 
of the glass was calculated between the ordinary temperature and 
100° by filling the instrument with mercury and weighing the 
quantity expelled when heated in a steam-jacket, whilst the volume 
of the bulb was measured by filling with water and weighing at a 
known temperature. The stem of the instrument was not 
graduated, but the level of the liquid below the upper end was 
determined by means of a depth gauge fitted with a vernier; by 
this means, a change of level of 0*1 mm. could be detected, and, 
moreover, the labour of regraduation of the stem after an accident 
was avoided. 


Conclusions. 

(1) The lowering of the temperature of the maximum density 
of water produced by the addition of a solute is directly propor- 
tional to the concentration of the latter (law of Despretz). 

(2) The lowering produced by a highly ionised binary electro- 
lyte is composed of two separate, independent effects, one due to 
the acid radicle and tho other due to the basic radicle of the 
electrolyte. 

(3) The lowering produced by a highly ionised binary electrolyte 
of molecular concentration can therefore be calculated by the addi- 
tion of two moduli to the lowering produced by a molecular solu- 
tion of a chosen standard substance. The chosen standard was 
iV-hydrochloric acid, which gives a lowering of 5’2. 

(4) The acid salts of the dibasic acids behave normally, but the 
neutral salts of such acids and the salts of the bivalent metals do 
not follow any simple rule in their effect on the temperature of 
the maximum density. 

(5) Feebly ionised organic acids show abnormal effects, but the 
highly ionised salts derived from them behave in the normal 
manner. 

Chemical Labobato^'% 

Queen’s University, Belfast. [ Received , December 2lst, 1918.] 
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XIV . — Polar and Non-polar Valency . 

Bv Rajendralal Be. 

Ik a paper recently published, Briggs (T., 1917, HI, 267) asks: 
« What is the valency of cobalt in chloropentammine cobaltic 

chloride, ^Coj^*^Cl a ?” ’ This question has suggested the view 

set forth in the present paper. 

From the study of the optical properties of the tetra ethylene - 
diammine-p-aminonitrodicobaltic salts, 


r i ^ 

em Co/ >Co en„ 

L X N<V J 


Werner (Bcr., 1913, 46, 3674) concludes that there is no essential 
difference between the principal and auxiliary valency bonds. 
Evidently this conclusion may be applicable only to the bonds 
within the complex radicle (that is, bonds employed in uniting 
radicles co-ordinated with the « cobalt atom). The bonds outside 
the complex radicle are employed in combining radicles which 
exist as ions. Their nature is thus entirely different from that of 
the former ones. A distinction ought therefore to be maintained 
between the bonds outside the complex radicle and those within it. 

We can find an explanation of the valency outside the complex 
radicle, which is polar in type, from Sir J. J. Thomson’s theory of 
valency. To understand the mechanism of it, let us picture the 
structure of an atom derived by Thomson. According to him, the 
atom consists of corpuscles moving in a sphere of uniform positive 
electrification, and its valency depends on the ease with which 
corpuscles can escape from, or be received by, the atom. Difficul- 
ties, however, arise in explaining the valencies within the complex 
radicle in the above manner, they being non-polar in type. 

During the disintegration of radioactive substances, the negative 
charges of electricity are carried by /3-rays and the positive charges 
by a-rays. The f3-rays consist of expelled particles— not atoms of 
matter, but free atoms of negative electricity or “ electrons.” An 
o-particle, however, consists of two atomic charges of positive 
electricity combined with a helium atom — a substance inert in the 
chemical sense. It may therefore be assumed that the positive 
electricity can have an attraction for the mass itself, even if there 
be no charge of negative electricity on it. Thomson (“Rays of 
Positive Electricity and their Application to Chemical Analysis,” 
1 } - 40) also observes that molecules with positive charges are quite 
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common, whilst those with negative charges of electricity are very 
rare. This property which the positive electricity possesses afford 
an explanation of the phenomena of the valencies inside the com- 
plex: radicle of a complex salt. 

In order to explain the phenomena of the above valencies, w-f 
shall consider Rutherford’s view as regards the constitution of an 
atom. According to him, a positive nucleus is situated in the 
centre, whilst electrons move around it in various concentric rings. 
We shall conceive this nucleus as having a binding capacity for 
the radicles which are co-ordinated with a metallic atom in the 
case of complex salts. It is significant that no positive radicles, 
such as ammonium, tetramethylammonium, etc., which can exist 
as cations, have been observed to combine with a metallic atom 
forming a complex radicle. Negative radicles, such as Cl (chloro-), 
N0 2 (nitro-), etc., however, do form a complex radicle with a 
metallic atom. These negative radicles also carry negative charges 
of electricity when they exist as anions. 

Let us form a picture of the mechanism as conceived above. 
We have the positive nucleus of the metallic atom (capable of 
forming a complex radicle) in the centre, and around it there are 
various concentric rings along which the electrons move. We may 
assume that adjacent to the outermost ring of electrons constituting 
the atomic structure there are the neutral molecules, for example, 
NH S , H 2 0, etc., or the negative radicles, for example, Cl, NO.,, 
etc., or both these neutral and negative radicles, held by the 
influence of the positive nucleus of the metallic atom concerned. 

Accordingly, in the case of tetraethylenediammine-jx-aminonitro- 
dicobaltic salts, radicles within the complex radicle may be sup- 
posed to be attached to the positive nuclei of its cobalt atoms, and 
thereby, the valencies within the complex radicle being taken to 
be all alike, the two cobalt atoms become linked to the two groups 
in the middle, namely, NO* and NH 2 , in a similar way. 

The conditions favourable to the formation of complex salts 
may now be stated. The number of concentric rings in the struc- 
ture of an atom grows large as the atomic weight increases, and, 
thereby, the structure also becomes more complex. According to 
Rutherford, however (Soddy, “The Chemistry of the Radio- 
elements,” 1914, Part II, p. 39), the mass of an atom is concen- 
trated in an exceedingly small central nucleus. Hence, with the 
decrease in the atomic volume, only the rings will decrease in size, 
and the outermost ring will approach nearer to the nucleus. We 
have already supposed the radicles, co-ordinated with a metallic 
atom, to be placed adjacent to its outermost ring of electrons and 
also bound by its nucleus. Evidently, the attraction of the nucleus 
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for the mass of the radicles would increase where there are possi- 
bilities of their being placed near to the nucleus, that is to say, 
w bere the atomic volume is small. In fact, metals that are cap- 
able of forming complex salts, as, for example, chromium, iron, 
manganese, cobalt, nickel, copper, ruthenium, rhodium, palladium, 
osmium, iridium, platinum, gold, etc., are situated on the troughs 
of Lothar Meyer’s atomic volume curve. Here it may also he 
mentioned that Ephraim (tfer., 1912, 45, 1322; 1913, 46, 3103; 
1914, 47, 1828 f Zeitsch. phynkcd, Ghent ., 1913, 81, 513, 539; 
83, 196), from his study of the strength of the auxiliary valencies 
■of various metals, has drawn the conclusion that the strength of 
4be auxiliary valencies falls with the increase of the atomic volume 
i 0 f the metal concerned. We thus find a further support for the 
; above assumption. 

: It will be observed that the metals which form complex salts 
are mostly found both in the <! ous ” and the a ic” state of their 
ionic condition, as, for instance, we have Cr" (chromous), Cr*** 
(chromic), Co" (cobaltous), Co*** (cobaltic), etc. It may also 
possibly be that the “ous ” condition of the metallic ion is more 
favourable to the formation of a complex radicle. During the 
reduction of a metallic ion from the “ ic ” to the “ ous ” state, there 
is an alteration in* the electric charge of its rings, and the proba- 
bility is that this alteration is confined to the outermost ring 
(Soddy, ibid.). Evidently, in the “ ous ” condition of the metallic 
atom, there is a less number of electrons in its outermost ring. 
Keeping in view the structure of an atom, it would be natural to 
expect that, ordinarily, the outer rings of electrons would offer 
themselves as a shield against the attraction of the positive nucleus 
for the radicles which may he co-ordinated with a metallic atom. 
The case is, however, different in its “ ous ” state, for, there being 
produced a^weakness in the shield, due to a less number of electrons 
in the ring, the attraction of the nucleus will obtain an oppor- 
tunity of manifesting itself by forming a complex radicle. It is 
known that chromic chloride has to be reduced to the chromous 
state for the preparation of chrom-ammonia salts (Christensen, 
*L pr. Chem., 1881, [ii], 23. 54). Similarly, in the preparation of 
cobalt-ammonia and platinum-ammonia compounds (Gerhardt, 
Annalertf 1850, 76, 307), the starting materials are the ‘‘ous” 
salts of the metal concerned. 

Lastly, it is found that the formation of a complex anion is a 
more general phenomenon than the formation of a complex cation ; 
for example, there are compounds of the type [M(C 2 0 4 ) 3 ]R 3 , where 
M may be Yd, Cr, Mn, Fe, Co, Rh, Al, As, Sb, or Bi (Werner, 
New Ideas on Inorganic Chemistry/’ p. 115, ed. 1911). It 
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seems possible that there is a connexion between the increase of 
attraction of a metallic atom for these negative radicles (^ 
ordinated with it) and the cause which occasions the presence of 
negative charges of electricity ou them when they exist as anions. 

We have already supposed that the valencies outside the comply 
radicle are caused by electrons of the outermost ring constituting 
the atomic structure. These electrons may therefore be termed 
valence-electrons. Obviously, the number of the valence-electrons 
of a metallic atom corresponds with that of its m^imum valencies 
outside the complex radicle. In the case of the complex metal- 
ammonia compounds, this maximum valency is exhibited when al! 
the radicles co-ordinated with the metallic atom are NH 3 or H,0. 
and when a negative radicle is introduced into the above complex 
radicle the number of valencies outside the complex one is 
decreased (that is, the number of valence-electrons appears to 
become less). We may call those valence-electrons which seem to 
have vanished in this way bound valence-electrons , and those which 
have caused the appearance of valencies outside the complex radicle 
free valence-electrons. We may also notice that the maximum 
number of free valence-electrons (that is, electrons which can escape 
from a metallic atom, forming a complex cation) is the same as the 
maximum number of electrons which can be received by the atom 
in addition to its own valence-electrons, when it forms a part of a 
complex anion. For illustrating this point, we may cite the com- 
pounds: (i) [Co(NH 3 ) 6 ]C1 3 , where the complex radicle is a ter- 
valent cation, (ii) K 3 [Co(N0 2 )g], where the complex radicle is a 
tervalent anion, and (iii) [(NH 3 ) s Co(N0 2 ) 3 ], a non-electrolyte. In 
the third compound, no electron has escaped or been received by 
the metallic atom, but all the three valence-electrons, along with 
the three univalent negative radicles, have been bound by its posi- 
tive nucleus. Regarding the question at hand, namely, that of 
the number of valencies in chloropentainininecobaltic chloride, it 
may be said that here the cobalt, atom contains three valence- 
electrons — one is bound along with the univalent chloro-radicle 
co-ordinated with cobalt, and the remaining two have caused the 
appearance of valencies of polar type outside the complex radicle. 
Besides these three valence-electrons, the metallic atom possesses 
six valency bonds of non-polar type caused by the attraction of its 
positive nucleus. 

The structure of the complex radicle as conceived above explains 
also the phenomenon of the directional nature of the auxiliary 
valency bonds, indicated by the stereoisomeric compounds of com- 
plex metal— ammonia salts, for the nucleus, being centrally placed 
in the structure of an atom (metal), has an advantage in exerting 
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its attraction along different directions, which the elections moving 
in their orbite cannot possibly have. The assumption of the 
nuclear attraction, however, need not be confined to these cases of 
complex derivatives alone. The phenomena of non-polar valency 
m ay, in general, be considered to have arisen from this attraction. 

The kind of valency exhibited in organic compounds is a typical 
non-polar one. If we compare the valencies of the carbon atom 
tfith those of metallic ones, employed in co-ordinating radicles with 
them, we find that both these two kinds are non-polar and direc- 
tional in nature (shown by the stereoiscmerides of the carbon 
compounds and those of complex metal-ammonia derivatives). 
This similarity in their character may indicate the probability of 
their being brought about by the same cause, namely, by the 
attraction of the positive nucleus of an atom. The assumption 
receives further support from the small atomic volume of carbon 
(as shown in Lothar Meyer’s atomic volume curve). It has already 
been supposed that the attraction of the nucleus for radicles should 
increase as the atomic- volume decreases, and this should tend to a 
maximum when the volume becomes very small. 

Nernst is of opinion that the forces by which the carbon atoms 
in a crystal of diamond are held together are identical with the 
attraction of its four valencies called into play in the formation 
of organic compounds, that- is to say, ‘ ; the forces of cohesion are 
identical in nature with the forces of chemical affinity" ("The 
Theory of Solid State," p, 6), The cohesive forces are found to 
increase with- the decrease of the atomic volume of elements. They 
may therefore arise from the very same nuclear attraction of atoms 
mentioned before. An inspection of the behaviour of carbon and 
its compounds might help in giving some light in this direction. 

In the process of the synthesis of diamond, an immense pressure 
is brought about by the contraction of iron in which carbon has 
been dissolved. Evidently, for effecting union (that is, saturation 
of the valencies of carbon atoms), the atoms are required to be 
brought very near to one another. It may also be noted that in 
the case of the carbides of metals, the carbides Li 2 C 2 , CaC 2 , etc., 
where the metals are of large atomic volumes, are decomposed by 
water, whilst the carbides Cr a C 2 , Cr 4 C, etc., where the metals in 
combination are placed on a trough in the atomic volume curve 
(that is, are of small atomic volumes), form stable compounds. 
Taking into consideration that the mass of an atom is concentrated 
m an exceedingly small central nucleus in the structure, it seems 
possible that carbon atoms would exert only a very feeble attrac- 
tion when placed a little apart or when combined with metals of 
large atomic volumes. The various rings of electrons around the 
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nucleus, which have already been compared to shields, may also 
occasion a further hindrance in their union. 

Further light will be thrown on the above if the following view 
is taken of the constitution of triphenylmethyl. It is found that 
in solution triphenylmethyl has a molecular weight corresponding 
with the formula (CPh 3 ) 2 (Gomberg and Cone, Ber., 1904, 37, 
2033). This is what may be expected from its mode of preparation : 

2CPh 3 Br + 2 Ag = 2AgBr + CPh 3 ’CPh 3 . 

As the compound is very reactive, even at a low temperature, it 
has been assumed that it is rather a derivative of tervalent carbon. 
Exposure to the air, even for a very short time, is sufficient to 
transform it into a peroxide of the constitution CPh 3 *0*0‘CPh 3 . 

We may, however, represent the constitution of triphenylmethyl 
as CPh 3 ...CPh 3 . The weak attraction between the two carbon 
atoms is shown by the dotted line. The feebleness of their attrac- 
tion may be due to the inability of the carbon atoms to approach 
very near t-o each other on account of the hindrance caused by the 
large phenyl groups attached to them. The hindrance referred to 
may be of the type similar to that of steric hindrance (Wegscheider, 
Monatsh 1895, 16, 148), and their reactivity may be due to the 
possibility of their drawing small atoms very near to them. View- 
ing the constitution given for the oxidation product, it is seen that 
by the intervening of two oxygen atoms the large radicles have 
been placed apart, and by the union of the two carbon atoms with 
two oxygen atoms (small indeed compared with the triphenyl- 
methyl radicle) a stable compound has been formed. 

According to our assumption, radicles bound by the positive 
nucleus should not show any polar character. Although the 
valency of carbon is ordinarily n on-polar, there are a few organic 
compounds where it seems to function as polar, as, for instance, in 
hydrogen cyanide and in organic acids, where we have the radicle? 
•C:N or ’N:C and R*C(V respectively, besides hydrion. There 
are also sodium acetylide, CHICNa, silver acetylide, C 2 Ag 2 , and 
cuprous acetylide, C 2 Cu 2 , where the hydrogen atoms of acetylene 
have been displaced by metallic atoms. In order to explain this 
anomaly, we may consider Sir J. J. Thomson’s observation that 
“when the disehar 6 - *tube contains such gases as CH 4 , C0. 2 , CO, 
where there are no bonds between two carbon atoms in the mole- 
cule, we find negatively charged carbon atoms, but no negatively 
charged molecules. When, however, we use compounds such as 
acetylene, HCiCH, ethylene, H 2 C!CH 2 , or ethane, H 3 C‘CH 3 , where, 
according to the usual interpretation of the constitution of these 
substances, there are bonds between carbon atoms in the molecule, 
then we find molecules as well as atoms of carbon with the negate 



de: polar and non-folar valency. 


133 


(barge” Q oc ‘ **■)• ™ a ^ so °P* u ^ on that on account of 

the unsaturated valencies of the carbon atoms in the molecule, it 
h as been possible for the negative corpuscles to become attached 
to them (ibid.). A similar explanation may. be applicable in the 
above cases. In them, more than one bond of carbon has been 
occupied with the other element combined with it, and a corpuscle 
received from an adjacent hydrogen atom may become attached to 
the remaining part of the compound, thus giving rise to their polar 
character. 

Compounds such as LiH, H 2 0, NH 3 , etc., Ni(CO) 4 , Coi,(CO) s> 
etc. and also groups of atoms forming radicles, such as C0 3 , N0 3 , 
jj0 4 , etc., being formed by non-polar valencies, may have their 
origin in the nuclear attraction. We may also ascribe the forces 
by which atoms and molecules in a crystal are held together to the 
same attraction. These forces have been supposed to be caused by 
residual valency, which has also been assumed to bring about the 
solution of a substance in a solvent (Baly, “ Spectroscopy ,” 1912, 
p. 487). The phenomena of solution should necessarily be con- 
sidered to be due to the same attraction of the nucleus. In these 
cases, the size of the molecules may account for the feeble character 
of their binding. Lastly, all catalytic substances which are 
employed in gaseous reactions may be supposed to owe their cata- 
lytic action to the positive nuclei of the atoms in them. Indeed, 
the study of the dissociation of the hydrogen molecule into atoms, 
and other similar studies, have convinced Langmuir ( J . Amer. 
Ckem. Soc., 1916, 38 , 2221) that prior to the dissociation, absorp- 
tion of hydrogen by tungsten wire, due to its secondary valency, 
does take place. We see, therefore, that the nuclear attraction 
plays a great part in all chemical phenomena. 

Regarding the number of valencies of the non-polar type for 
different elements, it may be noted that carbon (placed in the first 
trough of Lothar Meyer’s atomic volume curve) has four valencies, 
whilst other elements (placed in subsequent troughs of the curve) 
generally have six. In the case of the complex platinum- 
ammonium salts, however, the derivatives of the platinous salts, 
for example, [(NH 3 ) 4 Pt]Q 2 , tetra-amminoplatinous chloride, show 
the number of auxiliary (non-polar) valencies to be four, whilst 
those of the platinic salts, for example, [(NH 3 ) c Pt]Cl 4 , hexa- 
amminoplatinic chloride, the number is six. The increase of two 
non-polar valencies in the latter case has been attended with an 
increase of two polar ones. Also the directions of these valencies, 
in the former case, lie in a plane, whilst in the latter case there 
are two additional directions lying in the same line perpendicular 
to the above plane. Whether and how the electrons constituting 
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the atomic structure influence the number and directions of tie 
non-polar valencies of different elements awaits further study. 

My best thanks are due to Prof. P. C. Ray for his kind help 
and encouragement. 
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XV . — The Interaction of Stannous and Arseniom 
Chlorides. 

By Reginald Gbaham Durbant. 

The action of stannous chloride on arsenious oxide dissolved in 
hydrochloric acid was first noticed by A. Bettendorf (Sitzungsber. 
Niederrhem. Ges, Bonn , 1869, 128 *) two years after his discovery of 
yellow arsenic [ibid,, 1867, 67, and (full paper) Annalen, 1867, 144, 
110 ]. 

He records the formation of a voluminous, brown precipitate 
which proved to be arsenic (96 — 99 per cent.) with traces of non- 
removable tin. He showed that the rate of precipitation increases 
with ascending specific gravity of the arsenious solution. By dissolv- 
ing magnesium ammonium arsenate in acid he made a standard 
solution and treated this with stannous chloride in varying dilutions 
of hydrochloric acid. (His figures will be quoted later on.) From 
these results he showed that the reaction is extremely delicate. It 
may be utilised for determining arsenic in sulphuric or crude hydro- 
chloric acid. During a distillation with the latter he observed a 
faint yellow coloration, which disappeared after a few hours. 
Arsenic was found to be present in this sample of hydrochloric acid, 
but he was unable to prove that the fading coloration was due to 
arsenic. ♦ 

The observation of this yellow coloration has decided me to record 
a very remarkable yellow precipitate which, in 1914, I exhibited 
as " yellow arsenic ” to the Science Masters’ Association in London. 
The precipitate was quite bright yellow at first, and was always 
kept in the dark except when shown for short periods. After a year 

* I am indebted to Dr. Hatchett Jackson who recently procured me & 
rescript of this paper from the Bodleian Library. 
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it had become a dull mustard colour, being still in the original, well- 
corked flask and surrounded by the original solution (a mixture of 
arsenious and stannous chlorides in nearly normal hydrochloric 
ac id). Every effort was made to repeat this, but in vain. When 
filtered off, the precipitate appeared very dull and shrunken on the 
paper. After washing, it was specially tested for sulphur (since 
arsenious sulphide is yellow), but no trace of sulphur was found. 
The presence of arsenic was proved. 

On many points I find that my observations have been anticipated 
hv Bettendorf, in particular the possibility of making the reaction a 
means of differentiating arsenic from antimony. 


Experimental. 

The Nature of the Arsenic Precipitated. 

Arsenic is probably in a colloidal state before it is precipitated, 
for (i) the precipitate invariably contains a trace of tin salts 
(chloride as well as tin), and this cannot be removed completely by 
prolonged washing; (ii) two similar solutions (reactants, 0’44A- and 
3A-hydrochloric acid) were left corked for two days and remained 
quite clear. One was then diluted with an equal volume of water. 
After four days both had deposited arsenic. A third solution at the 
start was made up to the lower of the above concentrations and 
remained perfectly clear for twenty-five days. 

The appearance of solid arsenic is always preceded by a pale buff 
tint; from this a buff-brown precipitate falls, and is best observed 
from such admixtures as yield a very slow deposit. If this deposit, 
after washing, is immediately shaken with carbon disulphide, arsenic 
is found to be dissolved. The yield is rather greater if carbon 
disulphide is shaken violently with the two chloride solutions while 
they are interacting. On five occasions small, pale particles were 
observed to rise from the clear disulphide solution during spontane- 
ous evaporation. They moved about rapidly, congregating in the 
centre of the surface, then darkened, and finally settled on the 
bottom of the dish in the form of grey arsenic. 

Erdmann ( Zeitsch . anorg. Chem. f 1902, 32 , 453) obtained arsenic 
soluble in carbon disulphide by reducing arsenious oxide with zinc 
dust in the presence of the solvent. Very small quantities were 
obtained by the author in this way. 

These results, and those referred to in the Introduction, indicate 
that the very earliest deposit of arsenic is of the yellow type, but 
that unless certain unascertained conditions obtain, the yellow 
variety spontaneously becomes brown or grey. 
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Nature and Conditions of the Reaction . 

The obvious equation is 2 AsC 1 3 4- 3SnCl2=3SnCI 4 + 2As, and when 
weights of the reactants, corresponding with this equation, are 
placed in hydrochloric acid of sufficiently high concentration the 
action reaches completion in a few hours. With other weights excess 
of either reactant corresponds with calculation. The action has been 
proved to be irreversible, for, if finely divided arsenic is boiled with 
solutions of stannic chloride in the presence of hydrochloric acid of 
varying concentration, in no case does the resulting solution give 
any precipitate with mercuric chloride. 

A very careful experiment was made in order to ascertain if the 
anhydrous chlorides react. 

Fresh arsenious chloride was so arranged that on movement of the 
handle of an air-pump some would drop on to dry, powdered stan- 
nous chloride — also under the receiver. After four days’ final 
drying with phosphoric oxide, the experiment was made. Beyond 
the faintest darkening no discoloration occurred. On exposure to 
air a distinct brown colour overspread the powder, and when a drop 
of water was added a heavy crusting of arsenic appeared immedi- 
ately. 


General Method of Estimating the Rate of Progress of Action, 

Separate solutions containing known weights of the two chlorides 
were made up in known concentrations of hydrochloric acid. Por- 
tions of these solutions were evaluated separately by means of 
standard permanganate. The results were found to agree with the 
known concentrations. All stock flasks were re-tested from time to 
time. 

Small dry flasks were placed in a large thermostat, and into these 
definite volumes of both chloride solutions were introduced by 
separate pipettes. 

After definite intervals water was added. The dilution effectively 
stops the action. Th ; Contents of each flask were then filtered and 
uniformly washed. Standard permanganate was used to determine 
the amounts of stannous and arsenious chlorides remaining in the 
filtrates and wash-water. 

The action of the permanganate may be expressed : 

f 2AsCl 3 + 20 = 2AsOCl s \ 
l3SnCL> + 30 = 3Sn0Cl 2 J* 

As the filtrates required less permanganate than did the sum of 
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the separate solutions, the deficit became a measure of the change 
which had occurred. Two-fifths of this deficit were due to the pre- 
cipitation of arsenic and the rest to the formation of stannic chloride 
in the reaction : 

3SnCl 2 + 2AsCl a — > 3SnCl 4 + 2As. 

Errors . — The sources of error in this process are: (1) imperfect 
washing, (2) loss by adsorption, (3) oxidation of stannous chloride 
due to access of air. 

The two first, considered together, were found to give rise to an 
error probably less than 2 per cent. 

The third source of error was almost eliminated by keeping the 
stock solutions of stannous chloride in a well-corked flask and by 
introducing carbon dioxide immediately after use on every occasion. 
In the same way the reaction took place in small, corked flasks in 
which the air was displaced by carbon dioxide. Air had access only 
during the process of filtration. 

Calculations , — The recognised integration equations for first and 
second order reactions were applied to a large number of determina- 
tions. In no case did the velocity constants conform to the second 
order. The results quoted are from the first-order equation, 

I a^x’ = #= percentage of change, and £=time 

in minutes. Hence the mean value of k for each set of experiments 
represents a special figure by which the relative speeds may be com- 
pared. 


Table I. 

tf = 12'5°. Normalities: ShCl 2 =0’507, AsCl 3 = 0‘584, HC1 = 6’06. 
iV/ 4-Permanganate used. Complete oxidation should correspond 
with a deficit of 45 ’6 c.c. 


Interval, 

Deficit, 

Percentage 


minutes. 

c.c. 

change. 

fcxio*. 

2 

3*65 

8-0 

1*81 

5 

9*3 

20-8 

2-03 

8 

16-65 

36-5 

2-46 

10 

17-05 

137-41 

[2-03] 

12 

26-25 

57-5 

3*09 

15 

29-4 

64-5 

3*00 

20 

33-85 

74*2 

2*94 

30 

38-45 

84-3 

2*68 

40 

40-1 

87*9 

2*29 

• 50 

40-8 

89-5 

2*96 

65 

41-9 

91-9 

ri-esi 

100 

42-85 

93-9 

2*21* 

120 

43*6 

95*6 

2*97 

180 

43-9 

96*3 

2*40 


Mean 2*67 
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Various further unimolecular values of k were obtained. The« 
were found to depend more on the concentration of hydrochloric acid 
than cm anything else. The results made it possible to choose 
suitable concentrations for systematic study. 


Influence of Hydrochloric Acid . 

In the following experiments 0‘2500 gram of stannous chloride 


Relative velocities. 
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Relative velocities of the reaction : 3SnCh + 2AsCl J =3SnCh + 2A8, 
due to alterations of hydrochloric concentration. Sec Table II. 
Temperature •- 12 °. 


acted on the equivalent weight of arsenious chloride in each case. 
The concentration of hydrochloric acid alone was varied. 


Table II. 


o" 

CSJ 

jj 

Reactant Normality 

=0*298. 

Normality 

Kange of change, 

Mean value. 

of HCi. 

per cent. 

JcxlQK 

10-09 

40—61 

21*2 

8-10 

36 — 64 

13*6 

7-25 

32—63 

4*76 

7*09 

34—78 

3*43 

6*77 

13—63 

1*46 



0*944 


V-. .-Vv 

0*436 



0*293 

4*85 

19—53 

0-0293 
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The curve, obtained by plotting these relative velocities against 
oncentration of hydrochloric acid between 4‘85A and 8’lOiV, is 
xceedingly regular. Its sharpest curvature is in the neighbourhood 
if 6'5 N- If regularity persisted up to the limit of possible 
ijdrochloric acid concentration (about 10 3iV) then the velocity at 
0-09JV would be well over a thousand times what it is at 4’85iV— as 
measured it is only 723 times as great. 

influence of Simultaneous Change in Concentration of Reactants. 

In all these experiments, the concentration of hydrochloric acid 
•emained constant at 6 A. *=184. 

Four 250 c.c. flasks— .4, B, A lf B x ~ contained, respectively, 
hiCl2=l*74fl T , AsCl s =l-76A, SnCl^fmiV, AsC 1 3 =0’88A t . 

The concentration of hydrochloric acid became 6A as soon as the 
nark in each flask was reached. 

Equal volumes from A and B were mixed in six small flash, 
ind after 4, 6, 8, 10, 12, and 14 minutes, respectively, their filtrates 
fere titrated with N j 4-permanganate. 

In the same way, equal volumes from A t and B l were treated 
rom seven flasks after 24, 32, 48, 64, 80, 96, and 112 minutes, 
■espectively , the filtrates being titrated with Nj 8-permanganate. 

In each set, the range of progress was from 30 to 70 per cent. 

For AB set, mean value Axl0 2 — 4*33. 

For A X B j set, mean value 10 2 =0‘557. 

Hence kfc =7*77 for the range between 30 and 70 per cent. 
The range between 30 and 40 per cent., however, gave kjk x ~ 5 '5. 

Effect of altering the Concentration of Each Reactant Separately. 

Preliminary work had appeared to show that arsenious chloride 
eacts as a second, and stannous chloride as a first power. 

The following solutions were prepared, tested, and preserved 
vith all possible care. Five c.e. of stannous chloride solution 
.eacted with 5 c.c. of arsenious chloride solution in each case. 
The washing was strictly uniform, so that errors hence arising 
ffere similar. 

The mean results, (2) and (4) in the following table, are fairly 
concordant. Those of (3) and (5) are more so. 

The results from comparison of (1), (4), and (5) confirm the 
Preliminary work with respect to arsenious chloride, which is seen 
o react as a second power. 

Tie period preceding the first appearance of arsenic, from a 
° ution of its chloride at one-fifth the original concentration, was 
10 1Cec * j Us t about tvrenty-five times as great as it had been. 
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Table III. 


HC1-6V. f = 16‘7°. 


(1) Af-AsCl, acting on ^-SnCI, in 12 minutes 

required c.c.V/4*KMn.0 4 Required by theory a f^ 

33*3 per cent, change 

Mean of 2 readings 27-85 26-66 

(2) A-AsCI, on /2-SnCl* in 12 minutes 

„ 22-3 23-3 

(3) iV-AsCl 8 on N/3-SnCl,. in 12 minutes 

M 20-8 22-2 

(4) ^-SnCl 3 on #/2-AsCI, in 48 minutes 

22-55 23-3 


(5) N- SnCl 2 

»» 


on N /3* AsCl j in 108 minutes 
20-9 


22-2 


This suggested a method of working to a standard tint, as in 
Nesslerisation.; moreover, the method compares the earlier stages 
of- action on which calculations are more appropriately based. 

The tint used in table IV was obtained by the action of hydrogen 
sulphide on a very dilute solution of lead acetate. 


Table IV. 
HC1=6A T . * = 10°. 


Times to reach 

Standard Tint are given in 

Seconds. 

Stannous 

Arsenious 1 




chloride. 

chloride j 

-> N. 

iV/2. : Total. 

Ratio. yC. 

N 


30 

110 260 4 °t> 

1-0 1*0 

N/2 


40 

160 360 560 

1-40 1-41 

Nj 3 


50 

220 460 ; ? 30 

1-82 1-73 

Total 


120 

490 1080 


Ratio 


1 

4-08 9 


1/c* 


1 

4 9 



A similar set of nine readings referred to another artificial 
standard tint gave ratios: powers of AsC 1 3 , 1:4*3:10*0; powers of 
SnCLj, 1:1*37: 1*80. 

The iV/3-stannous chloride solution, on testing, was found to 
have deteriorated slightly ; the others had not. 

A solution of iY/4-stannous chloride was made. Using 
Nj 2-arsenious chloride against Nj 2- and Nj 4-stannous chloride, 
the times were 230 and 320 seconds respectively, giving a ratio 
1/T39, again closely approaching 1/ 

The results here given lead to the conclusion that in this reaction 
arsenious chloride reacts as a second 'power and stannous chlorite 
reacts to the power of the square root of its concentration. 
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The figure 5*5, noted in the last paragraph for the change 
between 30 and 40 per cent., is quite consistent with the results 
b er e given, since 2 2 x ^2=5*64. 

The action erf stannous chloride to the square root of its con- 
centration is also in agreement with Bettendorf's figures (toe. cit., 
1869). He took 0*001 gram of arsenic dissolved in 1 c.c. in each 
of five experiments, adding this to a definite amount of stannous 
chloride solution in the presence of hydrochloric acid. In the four 
last experiments he also added 50, 100, 200, and 400 c.c, of hydro- 
chloric acid (presumably of similar concentration). 

An immediate precipitate occurred in the first experiment, and 
the arsenic appeared in 5, 8, 12, and 20 minutes, respectively, in 
the others. 

Neglecting 1 c.c. of arsenious chloride -tan unknown volume of 
stannous chloride solution originally taken, his concentrations 
were 1 : 2 : 4 : 8, his times were 1 : 1*6 : 2*4 : 4, figures which approach 
lil‘41 :2 : 2*83, but -exceed them in each case, because of the 
influence of the second power action of arsenious chloride, present 
in very small relative amount. (His experiments were made to 
show the delicacy as regards arsenic.) 

Effect of Dilution with Water. 

The stock solutions, when mixed, were at concentrations 
HC1 — 62V and reactants each at 0*882V. When undiluted, this 
mixture produced 70 per cent, change in twelve minutes. The 
dilutions (in ten steps) finally brought all the concentrations to 
one-third of the above. 

The hydrochloric acid normalities, and the state of change after 
five days are noted in each case. t~ 16°. 62V, 5*45#, and 52V 
had reached complete change. 4‘612V 89 per cent., 4*29A* 59 per 
cent., 42V 24*4 per cent,, 3’752V T 14’2 per cent., 3‘532V 5*6 per cent., 
3'327 3 per cent., 32V 1 per cent., and 2 N no change and 
no subsequent sign of action after 29 days. This retarding 
action was made use of in all previous experiments when titrations 
with permanganate were made, the dilution with water being 
sufficient to reduce the concentration to one-third or Jos*. 


Summary. 

(1) There is evidence that arsenic in process of precipitation is 
partly soluble in carbon disulphide. In certain circumstances, 
arsenic may appear as a yellow deposit. 

VOL. OXV. 
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(2) The anhydrous chlorides (arsenious and stannous) do not 
interact. 

(3) Acceleration of the action is caused chiefly by increase 
the concentration of hydrochloric acid, next by that of arsenious 
chloride, and least of all by that of stannous chloride. Arsenious 
chloride acts as a second power and stannous chloride to the power 
of the square root of its concentration. 


Con-elusions. 

The various phenomena and the figures given can be accounted 
for on the hypothesis that this action is between chloride inns, 
arsenious ions, and the stannous complex H 2 SnCl 4 . 

Stoppage by dilution must be due to the destruction of ars$niom 
ions by hydrolytic action. 

(1) Chloride ions proceed partly from arsenious chloride and 
partly from hydrochloric acid, and they act as a first power. 

The velocity constants found in table II are thus explained, 


Hca 

normality. h X 10*. 

1009 21-2 , 

8-10 13-5 

7 *25 4*76 ( 

7*09 3-43 > 

6*77 1*46 ( 

6*60 0-944 { 

6*34 . 0-430 { 

6-11 0*293 > 

4*85 0*0293' 


k/k. 

ci'/cr 

1*57 

7*09 

2*83 

3*55 

1*37 

1*54 

2*35 

2*08 

1-54 

1-58 

2-16 

1-88 

3*22 

2*60 

1000 

5-2S 


Aggregate 25*04 25*66 


In the last column, the numerator gives the sum of chloride ions 
due to arsenious chloride and those due to increased hydrochloric 
acid concentration; the denominator is constant, and represents 
the chloride ions due to the 0'298A-arsenious chloride, which is 
constant throughout the table. In the lower portion of the table, 
the arsenious chloride is not wholly ionised; in the upper portion, 
hydrochloric acid becomes less ionised at its higher concentrations. 
As is seen, the aggregate acceleration is directly proportional to 
the increase of chloride concentration, 

(2) Positively charged arsenious ions also act as a first power. 
Arsenious chloride as a whole appears, therefore, to act as a second 
power. 

(3) That a compound of hydrochloric acid and stannous chloride 
exists in solution was indicated by Young (J. Amer. Chen. Soc., 
1901, 23 , 21, 450), and several sfcannochlorides, corresponding with 
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•he formula M 2 SnCl 4 , have recently been described (compare Bruce, 
Chem. News, 1918, 117, 193). In the reaction, this complex must 
D e decomposed in order to produce stannic chloride, and this decom- 
position may account for the complex acting to the power of the 
square root of its concentration. 

According to accepted theory, the order of a reaction is governed 
by the slowest reactant. The order here is unimolecular, and the 
lowest reactant is this complex. Essentially the action consists 
j tl the disintegration of the complex by circumambient ions. 

Tar College, 

Marlborough. July 3 Qth. 191 8.] 


£V 7 L — Experiments on the Elimination of the Carb- 
ethoxyl Group from Tautomeric Systems. Part 
I. Derivatives of Indene. 

By Christopher Kelk Ingold and Jocelvn Field Thorpe. 

’here have been placed on record within recent years (T M 1905, 
17, 1669, 1685; 1911, 99, 2187, and subsequent papers of the 
a me series) a number of experiments dealing with substances 
assessing the kind of tautomerism which is associated with the 
hree-carbon system 

ch*o:c. 

These experiments have for the most part dealt with glutaconic 
icid and its alkyl derivatives, and the conclusion was reached that 
glutaconic acid itself has the symmetrical or “ normal ” structure 
II), the unsaturated or “labile” form (I) being too unstable te 
nave any but a momentary existence. 

co 2 h-c%ch:ch-co,h cx),h-ch-c%ch-co 2 h . 
«•) ' m 

Mien, however, alkyl groups were introduced into the three-carbou 
ystern, the unsaturated form was found to become very noticeably 
nvW6 stable with, increasing weight of the substituents. 

It was thought desirable to extend these investigations to sub- 
tances possessing the three-carbon tautomeric complex, hut con- 
auiing groups other than carboxyl attached to its terminal carbon 
toms preferably to some substance in which the possible 

G 2 
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symmetry of the molecule could be tested without in any ^ay 
tampering with the three-carbon system, 

Such a substance presents itself in the hydrocarbon indene, the 
analogy of which to glutaconic acid becomes apparent when the 
formulae are written together, thus: 


(I.) (HI). (H.) (IV.) 

It was hoped originally that the accuracy either of III or of IV 
might be proved by preparing solid substituted indene9 from 
a-hydrindones of the types V and YI. 



(V.) (VL) 



r> 

\/ 


iC c >CH 


OOJHJH 


;>CH 2 


\, 


S | CH >ch 


If the unsubstituted three-carbon system of the indene nucleus is 
symmetrical, as would be expected from analogy to unsubstituted 
glutaconic acid, the ketones Y and YI should yield the same 
indene, whilst, if unsymmetrical, two different indenes should 
result. 

We have not yet been able to elaborate methods leading to the 
preparation of suitable ketones of the types V and VI in sufficiently 
large quantities to ensure the success of this method of attack. In 
the meantime, however, we have made use of more easily available 
materials to obtain evidence bearing on the subject, and in par- 
ticular to investigate a reaction which has been repeatedly observed 
among esters of the glutaconic series, and appears to he peculiar 
to tautomeric compounds. 

In 1905 the observation was made (Rogerson and Thorpe, T., 
1905, 87 , 1702) that ethyl y-cyano-aj8y-trimethylglutaconate 
readily passed into ethyl carbonate and ethyl y-cyano-d/Sy-tri- 
methylcrotonate under the influence of cold sodium ethoxide : 
C0 2 Et , CMe(CN)-CMe:CMe , C0 2 Et + Et0H 

CHMe(CN)-CMe:CMe-C0 2 Et + CO(OEt) 2 . 
Since that time, fairly extensive use has been made of this reac- 
tion in the preparation of a series of alkylated glutaconic esters 
(Thole and Thorpe, T., 1911, 99, 2187). Thus the monoalkylated 
products derived from Conrad and Guthzeit’s yellow sodium com- 
pound ( Anndlen , 1883, 222, 259) yielded ethyl carbonate along 
with tribasic esters : 

(00 2 Et) ii CR*CH:C(C0 2 Et) 2 + EtOH -> 

C0 2 Et , CHR , CH:C(C0 2 Et) 2 + CO(OEt) 2 . 
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The tribasic esters did not decompose when treated with excess of 
same reagent, but on further alkylation gave oy-dialkyl deriv- 
atives, which reacted readily to form ethyl carbonate and 
dialkylated glutaconic esters: 

CO^Et-CRICH-CR^COgEt^+EtOH — ^ * 

C0 2 Et*CE:CH*CHR / *C0 2 Et+C0(0Et) 2 . 

The study of these and similar cases led to a generalisation 
regarding the determining cause of these • reactions. They have 
always been found to be peculiar, in substances of the 5 glutaconic 
type, to those in which all the terminal hydrogen atoms of the 
three-carbon system have been substituted. It was therefore 
inferred that the tendency in such cases to acquire the hydrogen 
atom necessary to enable the substance to pass into its tautomeric 
form is such that a carbethoxyl group readily becomes detached 
from the molecule and replaced by an atom of hydrogen under the 
influence of a suitable reagent. We shall have occasion more than 
once to make use of this general rule. 

The ethyl carbonate reaction is therefore very closely bound up 
with the tautomerism of the three-carbon system. One would not 
therefore expect derivatives of vinylacetic acid, such as those 
represented by formulae VII and VIII, in which the double bond 
would be purely static, to exhibit this reaction to any marked 
degree, 

< 1 > 12 } » 

Bz-CH CH 2 CHj-CH 

CH Ph-C C 6 E 4 ~C(3) 

C!R(CN)-C0 2 Et CR(CN)*C0 2 Et «CB(ON)*COEfc 

(VII.) (vm.) (IX.) 

It was therefore decided to prepare an ester of the type IX and 
investigate its behaviour towards cold sodium ethoxide. The 
similarity with VII and VIII is clear. If the double bond in the 
ester IX really possesses the same stable character, we should for 
similar reasons expect it to be unreactive. This conclusion is in 
agreement with the generalisation above cited; for if the three- 
carbon system (1), (2), (3) (see formula IX) in tho indene ring is 
non-tautomeric and the double bond quite static between the 
carbon atoms (2) and (3), then, since this same double bond enters 
also into the three-carbon system (2), (3), (4), the latter must be 
non -tautomeric as well. Its normal form would clearly be incap- 
able of existence, since the central carbon atom (3) is rendered 
permanently quaternary by the double bond. In such an ester 
we should not, in view of the above-mentioned generalisation, 
expect to find any tendency to acquire an atom of hydrogen, which, 
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if it were acquired, could not possibly be mobile. If, on the co«, 
trary, we found that an ester of the type IX actually did possess 
a noteworthy tendency to acquire a hydrogen atom in place of its 
carbethoxyl group, we should have to look on the fact as evidence 
of the tautomeric or dynamic character of the three-carbon system 
(1), (2), (3) of the indene ring. This follows by simply reversing 
the argument. 

Actually, we have succeeded in preparing a number of 
indenyl 3*cyanoacetic esters of the type IX, and have found 
that the lower members of the series possess a very marked ten- 
dency to lose their carbethoxyl group as ethyl carbonate when 
treated with quite a small quantity of sodium ethoxide at 30 °. 
The ester in which R = Me, for example, when treated with as 
little as one-sixth of a molecule of sodium ethoxide, reacts at 30 ° 
in the course of a few minutes. The yield of the decarbeth- 
oxylated nitrile is 60 per cent., the remainder of the material 
passing into an insoluble substance of high molecular weight. Jn 
all the cases of this reaction investigated, there was a greater or 
less quantity of insoluble by-product formed along with the nitrile 
X and ethyl carbonate. 

/ /S \^rr / / \rirr 

| |_ C S >CH + EtOH -> | L.q>CH +CO(OEt) r 

X/ 0K(CN) 4 C0 2 Et X/ ' CHR-ON 

(X.) 

With homologous alkyl derivatives (R — Et and R= Pr°), the 
reaction becomes successively more sluggish, and an increased 
quantity of by-product is formed, the yield of nitrile consequently 
diminishing. This is quite analogous to all that has been observed 
in regard to the same reaction when applied to the glutaconic 
esters (T., 1911 , 99, 2192 ). Two points, to which no analogy ha? 
as yet been investigated or observed among the glutaconic esters, 
require, however, special notice. The ester for which R=allyl was 
found to be very much more reactive than the corresponding 
//-propyl derivative. Its reactivity was quite of a similar order 
to that of the methylated ester. The other point is that a 
branched chain in thu alkyl group appears to inhibit the reaction 
practically altogether. Thus the esters for which R was «$opropyli 
f>obutvl, and asoamyl gave no nitrile after remaining for twenty- 
four hours with one-sixth of a molecular proportion of sodium 
ethoxide at 30°. 

In order to obtain a comparative check on these results, we 
decided to investigate an indenyl-2-cyanoacetic ester of the type 
XI. This clearly differs from IX only in the fact that in Xl the 
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cyanoacetic residue is attached to the central carbon atom of the 
in dene system. Now if the double bond in XI is entirely static 
as regards possible interchange across the system (1), (2), (3), then 
the carbon atom (4) will be the terminal carbon atom of one three- 
carbon system only, namely, the system (3), (2), (4). 



(XI.) (XII.) 


It should therefore differ hut little in reactivity from the carbon 
atom (4) in the corresponding ester of type IX. If, on the other 
hand, the system (1), (2), (3) of XI possesses a mobile hydrogen 
atom and a mobile double bond, it is clear that a hydrogen atom 
attached to the carbon atom (4) will have a double possibility of 
“wandering it might wander either to (1) or to (3). We might, 
therefore, in view of the general rule, expect to find an ester of 
the type XI even more prone than the corresponding ester of the 
type IX to exchange its carbethoxyl group for an atom of 
hydrogen. 

Experiment shows the latter supposition to be amply justified. 
The ester prepared was that for which R = Me. With one- 

twentieth molecular proportion of sodium ethoxide, there was 

obtained after three minutes at 15° a practically quantitative yield 
of the corresponding nitrile (XII: R = Me). 

This connexion between the ease of elimination of the carb- 
ethoxyl group and the potential mobility of the hydrogen attached 
to the carbon of the cyanoacetic residue suggests a possible ex- 
planation of the broad facts both in the indene and glutaconie 
series in regard to the effect of the size of an alkyl group on the 
ease of the reaction. It seems likely to be connected with the fact 
that when heavier alkyl groups were introduced into the glutaconie 
molecule, they were found to increase the stability of the un- 
saturated form, and consequently to reduce the predominance of 

the normal and the potential mobility of the tautomeric hydrogen 
atom (since tautomerism depends on the possibility of the exist- 
ence of the normal form). An ester in which the degree of tauto- 
merism of the three-carbon system has been so reduced by the 
entrance of a large alkyl group would, in view of the generalisa- 
tion, be expected to exhibit a smaller tendency to acquire an atom 
of hydrogen, and this is what is actually found to he the case. 

In complete accord with the great ease with which the ester XI 
exchanges its carbethoxyl group for an atom of hydrogen, and 
with the presumed excessive mobility of the latter, is the behaviour 
of the uumethylated ester XIV. "The esters IX and XI were 
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obtained by alkylating the esters XIII and XIV respectively. 
These esters differ in acidity in the sense that, as one would expect 
from the different reactivities of their alkyl derivatives, the cyano- 
acetic hydrogen atom of indenyl-2-cyanocetic ester (XIV) is more 
loosely attached than that of the corresponding indenyl-3-deriv, 
ative (XIII), Thus ethyl indenyb2cyanoacetate is a weak acid 


(/>« 


CH(CH)-COjEt 

(xni.) 


f ^? f |>C-CH(CN)-C0 2 Eb 


(XIV.) 


forming a sodium salt which is not hydrolysed in aqueous solution, 
being decomposed only by slightly acid substances, such as carbonic 
acid. Ethyl indenyl-3-cyanoacetate, on the other hand, only forms 
a sodium salt in complete absence of water. 

It is perhaps worth noticing that when either of the indenyl- 
cyanoacetic esters (XIII and XIV) are converted into or liberated 
from their salts, a deep crimson colour is immediately developed. 
This fades in the course of a few seconds, both the free esters and 
the solid salts being colourless. 

Another colour change which was regularly observed in the 
course of these experiments took place when the alkylated esters 
(IX and XI) were treated with sodium ethoxide. An indigo-blue 
colour immediately developed, and gradually faded as the elimina- 
tion of the carbethoxyl group proceeded. 

The preparation of the indenylcyanoacetic esters (XIII and 
XIV) was readily accomplished by condensing o-hydrindone or 
£ hydrindone with ethyl eyanoacetate in the presence of piperidine 
or diethylamine : 


Qc(oty^ + CH,(CN)'CO|Et 


/\ 

1 I 

\/ 


ffifXJH +H„0 

. CH(CN)'CO,Et 


/\{IU . 

l^>C-OH + CH,(CN)-C0 2 Et 


\. 


pi* 


Aoe 


\/' 


Off 


!>C-CH(CN)-CO 2 EI + H s 0. 


When ethyl indenyl-3-cyanoacetate was hydrolysed either by 
acid or by alkali, the eyano-acid (XV) was formed, although not 
without considerable decomposition. This acid on heating above 
its melting point gave off carbon dioxide, and from the dark 
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coloured residue indenyl-3-acetonitrile (XVI) was isolated by 

0^?>C H M^>CH 

CH(CN)-CO s H X/ CH.-CN 

< XV -) • (XVI.) 

vacuum distillation. This is the first member of the series of 
homologous nitriles of which X is the type. It cannot, of course, 
be prepared directly from the cyano-ester (XIII) by the action of 
sodium ethoxide, for reasons already indicated. 

Neither the compound, XYI, nor any of its homologxtes appears 
to form, a sodium compound when treated with alcoholic sodium 
ethoxide, and all attempts to introduce another alkyl group into 
these compounds, using sodium or potassium ethoxide and an alkyl 
iodide, met with failure. The same was the case when the 
methylated nitrile, XII, derived from 0-hydrindone, was used 


E XPERI MENTAL. 

The a-hydrindone required for these experiments was prepared 
from 0-phenyIpropionic acid by a method essentially the same as 
that described by Kipping (T, 1894, 65 , 680), but with the intro- 
auction of certain modifications which so improved the yield as to 
make this substance far more easily available than it has hitherto 
been. 


menylpropionyl Chloride.-. It was found advantageous to use 
thionyl chloride in the preparation of this substance instead of 
phosphorus pentachloride. 0-Phenylpropionic acid (100 crams) 
was mixed with an equal weight of thionyl chloride in a flask fitted 
with an efficient condenser. The reaction was started by gentle 
heat and allowed to proceed for one and a-balf to two hours, when 
the evolution of gas had ceased. The contents of the flask were 
hen transferred to a Claisen distillation flask and heated at 100°/ 
f untl1 a11 the thionyl chloride had distilled over. The resi- 
de was then fractionated under 22 5 mm. pressure, and 110 grams 

0i m £ at 121—122° were collected. The theoretical yield i 3 112 
grains. J 

*-Hydnndone.—¥ ure 0-phenylpropionyl chloride being thus 
callable, it was found possible to carry out the internal con- 
densation, whereby hydrogen chloride is eliminated and o-hydr- 
adone produced, with much better results than Kipping was able 
obtain with the impure chloride at his disposal. Whilst he 

IT® ° U “ ned “° re than a 56 P 8r 7 ield > i* "as found that with 
pure chloride a yield of 75 per cent-, was always secured. The 
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reaction with the pure chloride is far more violent than with Hie 
impure product, and hence the mixture must be heated for a few 
minutes only. With this exception, the details given by Kipping 
were closely followed. 

ft-Hydrindone. — The jB-hydrindone required for these experi- 
ments was prepared by the improved modification (P., 1911, 27, 
108) of the original process described by Moore and Thorpe (T., 
1908, 93 , 165). 

Condensation of a-Hydrindone with Ethyl Cyanoacetate in t]n> 
Presence of Secondary Bases: Ethyl Indenylr3-cyanoacetate 
(XIII, p. 148). 

Since a-hydrindone readily dissolves in ethyl cyanoacetate, it is 
not necessary to use any solvent in this condensation. A solution 
of 19 grams of the ketone in 16 grams of the ester was treated 
with 6’5 grams of diethylamine and the mixture allowed to remain 
at 40° for twenty-four hours. At the end of that time, the tube, 
which contained a stiff paste of crystals of the condensation pro- 
duct, was cooled for an hour at 0°, and the crystals were drained 
on porous porcelain. The compound separates from alcohol in 
colourless, needle-shaped crystals melting at 104°; it is moderately 
soluble in dry ether and readily so in benzene, chloroform, or 
acetone. The yield represents about 55 per cent, of the theoretical, 
and is but little affected when piperidine is used in place of 
diethylamine : 

(H031 gave 0-2805 CO, and 0-0538 H,0. C = 74-20; H = 5’80. 
0-2492 ,, 13*8 c.c. N 2 at 19° and 742*6 mm. N = 6’19. 

Ci 4 Hjg0 2 N requires C = 74'0; H = 5'7; N = 6’2 per cent. 

The ester reacts with alcoholic sodium ethoxide, forming a 
sodium compound, from which the ester is regenerated by the 
action of water. There is no doubt but that this sodium com- 
pound contains the metal attached to the cyanoacetic residue, and 
that therefore the ester described above has the constitution 
assigned to it. When alcoholic sodium ethoxide was added to the 
ester, a deep crimson colour was invariably formed. This faded 
after a few seconds tv a bright yellow, which persisted so long a? 
the solution remained alkaline. 


Condensation of a-Hydrindone with Ethyl Cyanoacetate in the 
Presence of Alcoholic Sodium Ethoxide. 

The condensation with sodium ethoxide appears to be of a con- 
siderably more complex character than when secondary bases are 
Used Thus, when an alcoholic solution of a-hydrindone is added 
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to a hot suspension in alcohol of the sodium compound of ethyl 
cyanoacetate, there is formed A mixture of substances which mav 
be precipitated by adding water. This mixture consists chiefly 
of two compounds, melting at 143° and 88-^89° respectively, which 
may be separated and obtained in a state of purity by fractional 
crystallisation, first from alcohol and finally from a mixture of 
absolute alcohol and benzene. The former compound was identi- 
fied with anhydrohis-a-hydrindone (Found: C = 87*74; H = 5*70. 
Calc.: C=87‘8 ; H = 5*7 per cent,), which is recorded as melting 
at 142—143° (Kipping, T., 1894, 65, 495). 


Ethyl 2 : & -Di-indenyl-%-cyanoacct(ite , 


/\ CH )_/ 

| | CH »>C’C/ I 

\/ 7 ^CHCH* 

CH(CN)-C0 2 Et 


The substance melting at 88—89° may be made to become the 
principal product if the order in which the condensing substances 
are mixed is reversed. 3*3 Grams of o-hydrindone were dissolved 
in a small quantity of hot alcohol, and a hot solution of 0*6 gram 
of sodium and 2*8 grams of ethyl cyanoacetate in 15 grams of 
alcohol was slowly added. A few minutes after the addition was 
complete, the solution was rapidly cooled and poured into water. 
Hydrochloric acid was then added, and the oily precipitate ex- 
tracted with ether, the extract washed with dilute sodium 
carbonate solution and with water, and then dried. The solid 
residue obtained on evaporation of the ether, when recrystallised 
from alcohol, weighed 0'8 gram: 


0T545 gave 0*4575 C0 2 and 0*0790 H 2 0. C=80*78; H = 5*68. 

0*1818 „ 6*7 c.c. N 2 at 17° and 766*1 mm. N=4**23. 

C 23 H 10 O 2 N requires C=80*9; H=5*6; N=4*l per cent. 

Ethyl 2 : &-di-indenyl-3 - cyanoac date separates from the usual 
invents in pinkish-buff needles melting at 88—89°. It is oxidised 
iiKtantly by cold alkaline permanganate. With alcoholic sodium 
dhoxide, it forms a yellow sodium compound, from which the 
original ester can be regenerated. 


Hydrolysis of Ethyl Indenyl-Z-cyanoacetate : Indenyl-3-cyanoacetic 
Acid (XV, p. 149). 

The hydrolysis of the ester melting at 104° is a matter of some 
•culty, owing to the ease with which it undergoes deep-seated 



152 


INGOLD AND THORPE : ELIMINATION OP THE 


decomposition with acids and alkalis. Thus, on boiling with acids 
(dilute hydrochloric or sulphuric), only a 6 per cent, yield of the 
*cid is obtained. The acid can be produced in 36 per cent, yield 
by alkaline hydrolysis, but only by working within very narrow 
limits. Four grams of the ester were treated with 8 c.c. of 4#- 
sodium hydroxide, and the mixture was heated as rapidly as 
possible to the boiling point and maintained there for twenty 
seconds with vigorous shaking. The oil dissolved, forming a clear 
red solution, which was kept boiling for thirty seconds longer and 
then rapidly cooled. The crystalline sodium salt which separated 
was collected, dissolved in water, and the solution, after passing 
through a wet filter, acidified with hydrochloric acid. The acid 
separated as a white precipitate, which crystallised from alcohol 
in small prisms melting and decomposing at about 200°, the melt- 
ing point depending on the rate of heating. The point of instant- 
aneous decomposition as measured by the Maquenne block is 237°. 
The acid is sparingly soluble in water or dry ether : 

01251 gave 03326 C0 2 and 0 0509 H 2 0. C = 72*51j H=4*52. 

0 2164 „ 13-8 c.c. N* at 19° and 755 mm. N = 7*24. 

C J2 H 9 0 2 N requires C = 72*4; H-4‘5; N = 7T per cent. 


Indenyl-S-acetonitrile (XVI, p. 149). 

The pure, recrystallised acid (4-4 grams) was heated at 250° until 
the evolution of carbon dioxide had ceased. The dark-coloured 
oil which remained was then distilled under diminished pressure 
and the colourless distillate cooled in ice. The solid residue, which 
melted below the ordinary temperature, was recrystallised from 
light petroleum below 0°, and obtained in long, colourless needles 
melting at 18°: 

0*0820 gave 0-2568 CO* and 0*0426 H 2 0. C =85*41 ; H = fr77. 

0 1430 „ 113 c.c. N 2 at 19° and 761-2 mm. N = 906. 

C n H n N requires C=85*2; H-5'8; N=90 per cent. 

The attempts which were made to alkylate this nitrile did not 
meet with any success, and we were quite unable to find the con- 
ditions by which the .litrile could be hydrolysed to the correspond- 
ing acid. 

Alkylation of Ethyl Indenyl-Z-cya noa cetatc and the Elimination 
of the Carhethoxyl Group: Ethyl a-Indenyl-Z - a-cyano- 

: propionate , ™>0’CMe(CN)*CO 2 Et. 

In order to prepare this substance, 12 grains of the ester melt* 
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iag at 104° were dissolved in the least possible quantity of alcohol 
a t 70° and added to a solution of 1*2 grams of sodium in 16 grams 
of alcohol. Ten grams of methyl iodide were then added, and the 
mixture was heated until the yellow colour had entirely dis- 
appeared and the solution had become neutral, an operation which 
usually required ten minutes. The addition of water precipitated 
an oil which, when extracted by ether, yielded a solid residue after 
the solvent had been evaporated. The compound crystallises from 
a mixture of light petroleum and ether in large cubes melting at 
GO 0 ; it is readily soluble in the usual organic solvents, excepting 
light petroleum. The yield was 70 per cent, of the theoretical: 

01418 gave 0*3900 C0 o and 0 0816 H 2 0. C = 74*96; H = 6*39. 

0 2818 „ 14’4 c.c. ]§L at 19° and 783 mm. N = 5*92. 

C^AN requires C = 74*7; H = 6*2; N = 5’8 per cent. 

CH 'CH 

a~Indenyl-3-propionitrile, I * SOCHMe*CN. 

C 6 H 4 

Six grams of the carboxylic ester were dissolved in cold alcohol 
and an alcoholic solution containing 0*1 gram of sodium was added. 
The solution was kept at 30° for a short time, when the blue colour 
which had developed was discharged, and the liquid had a strong 
odour of ethyl carbonate. The liquid was poured through a filter, 
water was added, and the precipitate which was formed was induced 
to solidify by shaking. It was then collected, dried, and extracted 
with hot light petroleum, the nitrile being deposited from the 
solvent, on cooling, in long, colourless needles melting at 118°. It 
may also he recrystallised from dilute alcohol. The yield is 60 per 
cent, of the theoretical: 

0 1032 gave 0*3227 C0 2 and 0 0603 H 2 0 . 0 = 85*28; H = 6*49. 

0 2118 „ 15*4 c.c. N 2 at 23° and 771 mm. N=8*30. 

C 12 H 11 K requires C = 85‘2; H=6‘5; N=8*3 per cent. 

The nitrile could not be hydrolysed, and all attempts to intro- 
duce another alkyl group into it were without success. 

E thyl a-Indenyl-Z -a- cyano- n-butyrate, 

CH 9 *CfE 

i * >C‘CEt(CN)-C0 o Et. 

This ester was prepared in the same way as the methyl derivative 
already described. It is a colourless oil which boils at 200°/ 

25 mm. : 

01304 gave 03604 C0 2 and 0’0785 H 2 0. C = 75'38; H = 6-69. 

0-2363 „ 11-6 c.c. N„ at 22° and 768 mm. N=5’62. 

requires C=75‘3; H = 6"7; N=5‘5 per cent. 
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CH *CH 

a-Indenyl-3-n-hutyronitrile, ^ ^ ^C-CflEt^CN, 

This nitrile was produced from the carboxylic ester by the action 
of a small quantity of alcoholic sodium ethoxide under the same 
conditions as those which were described for the methyl derivative. 
The crude solid precipitated by water was extracted with hot- 
alcohol, and the nitrile obtained from the alcoholic extract by the 
addition of water. It crystallises from light petroleum in Iona 
needles melting at 76°. The yield is 20 per cent, of the 
theoretical : 

0-1306 gave 0-4067 C0 2 and 0-0835 H 2 0. C=84 93; H = 7il. 

0-1882 „ 12*6 c.c. N 2 at 23° and 771 mm. N=7*64. 

C 13 H ]3 N requires C=85‘2; H=7*l; N=7*7 per cent. 

Ethyl a-Indenyl-Z-a-cyano-w-valtratc, 

prr ,ntr 

V * __>C-CPr'(CN)'CO a Et. 

This ester was produced by the action of n-propyl iodide on the 
sodium compound of ethyl indenyl-3-cyanoacetate in alcoholic 
solution. The reaction was complete after heating for forty-five 
minutes, and the product was then isolated in the usual way. The 
ester is an oil which boils at 210° / 20 mm.: 

0-1259 gave 0-3502 C0 2 and 0-0797 H 2 0. C=75*86; H = 7*03. 

0-2169 „ 10*0 c.c. N 2 at 22° and 768 mm. N = 5*2G, 

C j 7 H ]9 0 2 N requires C = 75*8; H=7-l; N = 5*2 per cent.. 

a-Indenyl-3-n-valeronitrile , ^^^OCHPr^CN. 

This compound was prepared in the same manner as the ethyl 
derivative, although in the present instance the reaction proceeded 
much less readily. It was isolated in the usual way and crystal- 
lised from light petroleum in colourless needles melting at 67°. 
The yield was only 10 per cent, of the theoretical : 

0-1028 gave 0 3210 C0 2 and 0 0710 H 2 0. C=85*16; H=7-6S. 

0*2018 „ 12-8 c.c. at 23° and 768 mm. N = 7-20. 

Cj 4 Hi 5 N requires C~85'3; H = 7*6; N=7-l per cent. 

Ethyl a-I?idenyl-3-a'Cyanoisovalerate, 

jS5o»mpi 

*soPropy] iodide was found to react with the sodium compound 
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of ethyl indenyl-3-eyanoacetate in the same manner as n-propyl 
iodide, and the product was isolated in the same way. In this 
the ester was obtained as a colourless oil which boiled at 260°/ 
120 mm., and solidified in the receiver. The solid crystallised from 
light petroleum in colourless prisms melting at 72°. The yield 
represented 60 per cent, of the theoretical: 

0 1115 gave 0‘3105 C0 2 and 0 0716 H a O. C = 75*95; H=7*15. 

01859 „ 8‘6 c.c. No at 22° and 768 mm. N=5*28. 

C 17 H 19 0 2 N requires C=75-8; H = 7*l; N = 5-2 per cent. 

This ester was scarcely changed by alcoholic sodium et.hoxide 
under the experimental conditions which caused the other esters 
to lose their carbethoxyl groups as ethyl carbonate. Most of the 
original ester and a small amount of insoluble matter were 
recovered. 


Ethyl Orlnde nyl-3-a-cyan oallylace tate, 

CH -CH 

X J >C-C(CH s -CH:CH,)(CN)-CO s Et. 

Allyl iodide reacted with the sodium compound of ethyl indenyl- 
3-cyanoacetate in boiling alcoholic solution in the course of a few 
seconds. The product was isolated in the usual way aud crystal- 
lised from light petroleum containing a little dry ether in nearly 
cubical crystals melting at 65°. The yield was 65 per cent, of the 
theoretical : 

0 1240 gave 0-3484 C0 2 and 0*0715 H 2 0. C=76-63; H=G*41. 

O' 2954 „ 13*6 c.c. N 2 at 19° and 764 mm. N— 5*31. 
(uvHiAN requir.Ga C=76*4; H = 6*4; N=5'2 per cent. 


CH *CH 

ihdenylZ-allylacetonitrile, t 2 >C*CH(CN)*CH 2 ’CH 2 :CH 2 . 

C 6 H 4 

Tho action of a trace of alcoholic sodium ethoxide on the ester 
caused the carbethoxyl group to be eliminated, and gave a yield 
of 40 per cent, of the corresponding nitrile, the same conditions 
omg employed as those described in the former experiments. The 
nitrile crystallises from light petroleum in colourless needles melt- 
ing at 108° : 

0*1064 gave 0*3366 C0 2 and 0*0647 H 2 0. C=-86-28; H = 6*75. 
°*2732 „ 17*6 c.c. N 2 at 23° and 768 mm. N=7*31. 

^hH^N requires C = 86*2; H = 6'7; N-7-1 per cent. 
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Ethyl a-lndenyl-3-a-cyanoisohexoate, 

PIT *PH 

Xu >C-C(CH-CHMe 2 )(0N)*C0 2 Et. 

C 6 H 4 

This ester was prepared in the usual manner from wobutyl iodide 
and ethyl indanyl-3-eyanoacetate. It distilled at 260°/ 40 mm. as 
a pale yellow oil : 

0*1956 gave 0*5481 C0 2 and 0*1290 H 2 0. C = 76 43; H=7'33 

0*2600 „ 11*6 c.c. N 2 at 22° and 761 mm. N = 5*07. 

0 ]8 H 2 iP 2 N requires C=76*3; H=7*4; N=4*9 per cent. 

Like the fsopropyl derivative, this ester did not lose its carb- 
ethoxyl group by treatment with cold Bodium ethoxide. After 
being submitted to the same experimental conditions as the other 
esters, the recovered material gave, on analysis, C = 76*89, H = 7-5$ ( 
N=5‘13, indicating that it was practically unchanged. (The 
de-carbethoxylated compound, C^H^N, requires C = 85*3; H = 8*l- 
N = 6‘6 per cent.) 

Ethyl a-lndenyl-3-a-eyanoi$oheptoate t 

PH .pH 

X H 2 >C-C(CH 5 ‘CH 2 ‘CHMe 2 )(CN)«C0 2 Et. 

When prepared from the ester melting at 104°, and fgoamyl 
iodide, and isolated in the usual way, this ester distilled at 270°/ 
34 mm. as an almost colourless oil: 

0*1680 gave 0*4749 C0 2 and 0*1173 H 2 0. C=77*08; H = 7*76. 

0*2127 „ 9 0 c.c, N 2 at 22° and 766 mm. NT=4*80. 

CibH^OjN requires C = 76*8; H = 7*7; N=4*7 per cent. 

The carbethoxyl group could not be eliminated under the 
customary experimental conditions. The material recovered from 
the solution of sodium ethoxide gave, on analysis, C =77*31, 
H = 7*92, N =4*95, indicating that it consisted of the unchanged 
compound (C 16 H 19 N, the carbethoxyl-free compound, requires 
C-85*3, H = 8*5, N = 6*2 per cent.). 

Condensation of i ydrindone with Ethyl Cyanoacetate in the 
Presence of Secondary Bases. 

When a mixture of jS-hydrindone and ethyl cyanoacetate is 
treated with a secondary base such as piperidine or diethylamine, 
there is generally formed a mixture of two crystalline compounds 
melting at 116° and 176° respectively. The latter contained no 
nitrogen and gave, on analysis, C=87*62, H = 5*81 (C 18 H 14 0 
requires C=87-8; H=5*7 per cent.). It is therefore probably 
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identical with anhydrobis-0-hydrindone, the melting point of which 
is given as approximately 170° (Heusler and Schieffer, Ber., 1899, 
32 , 32). The amount of bis-compound formed varies very much 
with the conditions, and unless the condensation is kept well under 
control it may become the sole product. 


Ethyl Indenyl-2-cyanoacetate (XIV, p. 148). 

By exercising care, it was found possible to obtain a solid pro- 
duct containing as much as 65 per cent, of ethyl indenyl-2-cyano- 
acetate and 35 per cent, of anhydrobis-j9-hydrindone. Ten grams 
of /J-hydrindone were dissolved in 9 grams of ethyl cyanoacetate, 
and the solution was cooled Below 18° while 30 drops of diethyl- 
amine were added. After the addition of each drop, the solution 
was immediately shaken and well cooled in running water. After 
completing the addition of the base, the tube containing the mix- 
ture was immersed in cold water for thirty minutes, when it was 
withdrawn and allowed to remain at the ordinary temperature for 
forty-eight hours. At the end of that time the stiff paste of 
crystals which filled the tube was spread on porous porcelain and 
allowed to remain until colourless. The crude solid mixture of 
condensation products, which usually weighed about 13 grams, was 
rubbed to a fine powder under a little dry ether and roughly 
separated by extracting with four times its weight of boiling 
95 per cent alcohol, the bulk of the bis-compound being left un- 
dissolved. The crude ester deposited by the filtrate melted between 
90° and 110°. It was finely powdered and stirred into an excess 
of IN -sodium hydroxide at 30°, the whole diluted with an equal 
bulk of water, quickly filtered, and treated with aqueous sodium 
hydrogen carbonate in excess. The precipitated ester was caused 
to solidify by shaking, and then collected and triturated with 
water. After draining and recrystallising from alcohol, it was 
obtained in long, colourless needles melting at 116°: 

0*1261 gave 0*3417 C0 2 and 0*0646 H 2 0. C = 73*91; H=5*70. 

0*1834 „ 9*7 c«c. N 2 at 16° and 772*5 mm. N = 6*25. 

CmHiAN requires C-74*0; H = 5*7; N = 6*2 per cent. 

The compound is very readily soluble in hot alcohol, but spar- 
ingly so in cold. It is also- very readily soluble in cold benzene, 
chloroform, or acetone, and sparingly so' in ether or light 
petroleum. It tends to form coloured products when its alkaline 
solution is exposed to the air, and the yield obtained by the sodium 
hydroxide separation therefore depends greatly on the speed 
with which the operations are carried out. 

The separation was also effected by means of a long series of frac- 

VOL. CXVI. 
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tional crystallisations from alcohol. The ester obtained by both 
methods proved to be the same substance, showing that the form, 
ation of a sodium salt had not involved any isomeric change, and 
that the compound must therefore have the structure assigned to it 

The ester is readily soluble in 4.Y -sodium hydroxide, and is ] 10 t 
reprecipitated when a large bulk of water is added. It is insoluble 
however, in sodium carbonate, and is therefore precipitated from 
the hydroxide solution by carbon dioxide or a bicarbonate. During 
the precipitation by either of these reagents or by an acid fl 
transient, red colour always appeared. A similar transient colour 
was invariably observed when an alcoholic solution of the ester was 
treated with aqueous or alcoholic potassium hydroxide or alcoholic 
sodium ethoxide. 

Sodium Derivative .' — One gram of the ester was dissolved in 
twice the theoretical quantity of 4A-sodium hydroxide at 50°. On 
cooling, a colourless, crystalline sodium derivative separated out. 
The alkaline liquid was poured off from the crystals, which were 
then washed with ice- water and dried in a vacuum over phosphoric 
oxide : 

0*3002 gave 0*0860 Na 2 S0 4 . Na=9*28. 

Ci 4 Hi 2 0. 2 NNa requires Na = 9'24 per cent. 

When kept in a closed space, the sodium compound slowly decom- 
poses, acquiring a green colour, but if spread in a thin layer over 
a large area in a dry atmosphere it can be kept for several weeks. 
Although the compound itself is colourless, its solution in water 
is orange. This solution on acidification becomes deep red for a 
few moments, the colour quickly fading as the free ester separates 
out. 


M ethylation of Ethyl lndenyl-2-c yanoaceta 1 1 and the Elimination 
of the Carb ethoxy l Group: Ethyl a-7 nde nyl-2 -a-cyano- 

propionate, C 6 H 4 <^>C*CMe(CN)*CO s Kt. 

The methylation of ethyl indenyl-2-cyanoacetate was accom- 
plished both by the action of methyl iodide on the dry sodium 
compound suspended in alcohol and by the more usual process of 
treating the free ester with alcoholic sodium ethoxide and methyl 
iodide. The ester was precipitated with water and extracted with 
ether. After washing the extract with water and drying, the ether 
was evaporated and the residual oil crystallised from light 
petroleum containing a trace of ether. The ester separated in 
dense, colourless prisms melting at 56°. The yield was about 
70 per cent, of the theoretical : 
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0-1035 gave 0*2837 C0 2 and 0*0580 H 2 0. C = 74*23; H = 6 22. 

0*1653 ,, 8*4 c.c. N 2 at 18° and 779 mm. N=5*90. 

^ 15 -^ 15 ^ 2 ^ requires C=74‘7; H — 6 * 2 ; N = 5*8 per cent, 

Or/ ndenyl-2-propionate, C 6 H 4 <^>C*OHMe*CN. 

The elimination of the carbethoxyl group of ethyl indenyl-2- 
cyanopropionate was found to proceed with great ease in the 
presence of a small quantity of sodium ethoxide. Thus with one- 
twentieth of a molecular proportion of sodium at 15°, the reaction 
was complete in about three minutes. On adding water, the nitrile 
separated out. After allowing the suspension to remain for 
twenty-four hours, it was filtered, and the solid dried and recrystal- 
lised from light petroleum, from which it separated in long, colour- 
less needles melting at 92°: 

01011 gave 0*3167 C0 2 and 0*0591 H 2 0. C=85*43; H = 6*49. 

0'1179 „ 8-5 c.c. N 2 at 20° and 764 mm. N=8*22. 

€ 12 H n N requires C=85*2; H = 6*5; N = 8*3 per cent. 

The yield was practically quantitative. 

All attempts to hydrolyse this nitrile resulted in deep-seated 
decompositions taking place, and we were unable to isolate the 
corresponding acid. Several attempts also were made to introduce 
another methyl group into the molecule, but without success. 

Imperial College op Science and Technology, 

South Kensington, [ Received ,, December 6 tk , 1918.] 


XVII .— The Preparation of Monomethylamine from 

C;;t <>)'<> j/tcrin. 

By Percy Faraday Frankland, Frederick Challenger, and 
Noel Albert Nicholls. 

Ihe products of the reduction of ehloropicrin seem to vary with 
the nature of the reducing agent. With stannous chloride and 
hydrochloric acid, cyanogen chloride is produced (Raschig, Ber 
18 , 3326). The occasional formation of traces of ammonia 
was noticed by this chemist, but as a rule, after removing the tin 
hy means of hydrogen sulphide, the product was found to be free 
rom ammonium chloride and the hydrochlorides of hydroxylamine 
and methylamine. Iron filings and acetic acid (Geisse, Annahn, 
109 , 282) or tin and hydrochloric acid (Wallach, ibid., 1877, 
184 , 51 ) give rise to monomethylamine, 

CCI s -N0 2 4 12H=CHj-NH s + 3HC1 + 2H 2 0. 
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Since chloropicrin may easily be obtained in large quantities, it 
appeared desirable more closely to investigate its reduction, owing 
to the importance of m onomethy 1 amin e in synthetic organic 
chemistry. It would be inferred from Geisse’s paper that the base 
he obtained was free from ammonia, whilst Wallach states that his 
product was comparatively very pure and the yield good. 

By employing fine iron filings and hydrochloric acid, we have 
found that the composition of the reduction product depends on 
the conditions of the experiment. The use of iron and hydro- 
chloric acid in the theoretical quantities (six atomic proportions of 
iron and nine molecular proportions of acid to one of chloropicrin) 
in such a way as to prevent the formation of ferrous or ferric 
hydroxides gave a product rich in ammonium chloride. If chloro- 
picrin is shaken with iron filings and water, the mixture becomes 
extremely hot and a vigorous reaction sets in, which, however, 
gradually slackens if no acid is added. By adopting the method 
employed in the reduction of aromatic nitro-compounds or of 
nitromet-hane and nitroethane (Krause, Ckem. Zeit.j 1916, 40, 
810), the reaction proceeds satisfactorily in the presence of only 
about one-fortieth of the theoretical amount of hydrochloric acid, 
and a practically theoretical yield of methylamine hydrochloride 
is obtained. This usually contains about 4 per cent, of ammonium 
chloride, but in some of our experiments the quantity of this 
impurity has been still further reduced. The best results have 
been obtained by slowly adding the chloropicrin to a well- stirred 
mixture of iron filings and acidified water. The gradual addition 
of iron filings to a mixture of acidified water and chloropicrin did 
not seem to be very satisfactory, so far as could be seen from the 
few experiments made in this direction. Some reductions earned 
out by gradually adding chloropicrin to boiling alkaline ferrous 
hydroxide failed to confirm the results of Geisse (toe. who 
states that by this method no ammonia is produced. We obtained 
a product containing about 20 per cent, of ammonium chloride. 

The details of a typical large-scale experiment may be briefly 
outlined. Five hundred grams of fine iron filings were gradually 
shaken into a large c rthenware jar containing 2500 c.c. of water 
and 60 c.c. of concentrated hydrochloric acid. In this way, the 
filings were thoroughly moistened and the tendency to clogging 
was diminished. The jar was fitted with a stirrer and placed in 
a little cold water* 250 grams of chloropicrin were then gradually 
added in the course of one- and -a quarter hours. Too rapid addi- 
tion of the chloropicrin caused the mixture to froth over. Owing 
to the large amount of hydrated oxide of iron produced, the 
stirring was as efficient as possible, otherwise chloropicrin escaped 
reaction through being enclosed in masses of iron filings or oxide. 
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The temperature rose considerably, . and was maintained at about 
50 ° when the odour of chloropicrin was found to have disappeared 
after about three hours. The mixture was then gradually added 
to a boiling solution of sodium hydroxide contained in a large iron 
c . a n, into which steam was blown. The methylamine was absorbed 
hydrochloric acid, the solution evaporated, and the residue dried 
at 110° until constant weight was attained. The crude, dry 
hydrochloride was obtained in this way in a yield of 95*5 per cent., 
and contained 53*1 per cent, of chlorine, corresponding with an 
ammonium chloride content of only 3*5 per cent. 

That ammonium chloride is actually produced during the reduc- 
tion of chloropicrin was shown by treating cold concentrated 
aqueous solutions of the crude hydrochlorides with gaseous 
hydrogen chloride. The precipitated solid was collected, carefully 
freed from adhering hydrochloric acid, and analysed, when it was 
found to be almost pure ammonium chloride. The analyses of the 
crude methylamine hydrochloride were checked in some instances 
by an estimation of the platinum in the platinichloride. The 
hydrochlorides were evaporated with an excess of chloroplatinic 
acid solution, and the dry residue was extracted with absolute 
alcohol, whereby only platinum tetrachloride is removed. The 
possibility of a partial separation of the platinichlorides of the two 
bases would thus appear to be excluded. 


Summary of Results. 

Section A . — In the following experiments, the quantity of acid 
was very small, and the amount of iron theoretically required for 
the liberation of 12 atomic proportions of hydrogen (supposing 
Sufficient acid had been present) was employed. The temperature 
was usually allowed to rise to about 50—70°. 


Experiment. 

1 . 

2. 

Chloropicrin, grams 

500 

250 

Tron, grams 

1000 

500 

Water, c.c 

3500 

2500 

Hydrochloric acid, c.c. 
Crude hydrochloride. 

100 

60 

grams 

Theoretical weight, 

190 

98 

grams . . 

Cl in crude hydro- 

205 

102-5 

chloride 

Hence percentage 

533 

53-1 

nh 4 q 

Tt in crude platini- 

5'0 

3-5 

’ chloride.. 

4V53 

41*43 

Hence percentage 

nh 4 ci ^ 

6-5 

2-75 


NH 4 C1 requires Cl - 66 5. (NHJ 
CHjNHjCI requires Cl=52*6. (CH,'NH S 


3. 

4. 

5. 

6. 

250 

25 

25 

25 

500 

50 

50 

50 

2500 

200 

200 

200 

60 

12 

32 

10 

94 

9-5 

10-0 

9-5 

1025 

10-2 

10-2 

10-2 

536 

52-9 

52-8 

53-1 

7-0 

2-0 

1-5 

3-5 

- 



41-33 

— 

— 

— 

1T0 

2 PtCJ e requires Pt= 

43-96. 


JjPtOlfl requires Pt= 

=4136 

per cent. 
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Section 3 . — In the experiments described in this section, the 
quantity of acid employed was much larger (up to 9 molecular 
proportions, not including the three formed during the reduction), 
and the iron as in A. The chloropicrin and the acid were both 


Experiment. 


Yield of dry hydrochloride, grams 


e percentage 
lerably. 

of ammonium 

1 . 

2. 

3. 

25 

25 

50 

50 

50 

100 

100 

50 

100 

200 

150 

300 

9 

65 

f 15*0 

10*2 

102 

20*5 

580 

60*9 

60*5 

400 

60*0 

60*0 


Section C . — In these experiments, the chloropicrin was grad a - 
ally added to a boiling alkaline ferrous sulphate solution. A con- 
siderable amount of ammonia was formed. 

Experiment /.- Chloropicrin, 25 grams; ferrous sulphate, 5o0 
grams; sodium hydroxide, 300 grams; water, 1800 c,c. 

Dry hydrochloride, 7 grams. Theory, 10'2. 

Analysis in samples of about 0*2 and 0*1 gram: Cl =56*0, 55*2. 
Mean = 55'6, whence NH 4 C1 = 22 per cent. 

Experiment II , — Quantities as in above. 

Dry hydrochloride, 9 grams. 

Analyses in samples of about 0*5 gram: Cl = 54*8, 54*8, 54*6. 
Mean = 54*7, whence NII 4 C1 = 15 per cent. 


Interaction of Methylamine and 1:2:4 -Trinitrobenzene. 

With 1 :2 : 4-trinitrobenzene, the alcoholic solution of the base 
gave an almost immediate deposit consisting of yellow needles melt- 
ing at 175 — 176°, and at 176° after one crystallisation. The 
formation of 2 :4-dinitromethylaniline (m. p. 176 — 177°) by this 
method does not seem to have been described. 


The University, 
Birmingham. 


[Received, January 20 lb, 1919.] 
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XV III . — The Alkaloids of Holarrhona congolensis, 
Stapf. 

By Frank Lee Pyman. 

Fhkre Just. Gillbt, S.J., a missionary in the Belgian Congo, 
reported some years ago that, oil chewing the leaves of Hohurhenu 
rotifjolensu, Stapf, a local anaesthetic effect was produced on the 
mucous membrane of the mouth. This led the author to examine 
the alkaloids of the plant in 1913, when a new base, termed 
i’ufitrrhenitte, was isolated, together with the alkaloid 

conessine, which has been obtained previously by several authors 
from other species of Hohrrhena. The physiological action of 
conessine and holarrhenine was studied by J. H. Burn (,/. 
Pharmacol., 1915, 6, 305), who found that whilst they had a local 
anaesthetic action, this property was of no practical value, since 
they produced local necrosis when injected subcutaneously. 

Since it is improbable that the author will continue this investi- 
gation, it is desired to put on record the properties of holarrhenine 
and also the results of a few experiments on conessine carried out 
at that time. These are for the most part in agreement with the 
recent work of Giemsa and TTalberkann (Arch. Pharm ., 1918 256 
201), and confirm the formula C 24 II 40 Ko supported by these authors! 
not that — CVjHjjgNg — put forward by Ulrici (Arch. Pharm., 1918, 
256 , 57). Giemsa and Halherkann's view, that conessine contains 
Uvo diaikylamino-groups, is not shared by the present author, who 
found conessine to contain only three alkyl groups (no doubt methyl 
groups) attached to the nitrogen atom. Moreover, Polstorff and 
bchirmer (Per., 1886, 19, 84) showed that conessine dimetho- 
hydroxide yields, on heating, a crystalline base, together with 
ammonia" (doubtless trimethyl a mine). It is therefore probable 
that conessine contains an .V-methyl group forming a link in a 
heterocyclic ring, to which a side-chain bearing a dimethylaminu- 
?roup is attached. Holarrhenine resembles conessine in containing 
three J-alkyl . groups. It yields a monoacetyl derivative* 
which is diacidic, whence it follows that holarrhenine 
contains a hydroxyl group. 

Experimental. 

Isolation of the A Ikdoids. 

Twenty-nine kilograms of the bark of the trunk of Holarrhr.ua 
'wyoWs, Stapf, were percolated with very dilute hydrochloric 
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acid. The liquor wag made alkaline with ammonia and. extracted 
with chloroform. After distillation of the solvent, the dark, 
viscous residue was extracted first with light petroleum and then 
with ether. The light petroleum extract was shaken with dilute 
hydrochloric acid, the base regenerated with sodium carbonate, and 
extracted with light petroleum. The extract was distilled, and the 
residue dissolved in a solution of 0*7 part of hydrated oxalic acid 
in 4 parts (by weight) of alcohol. On keeping, a colourless, crystal- 
line hydrogen oxalate (m. p. 249°) separated in a yield amounting 
to 0‘9 per cent, of the bark. The oxalate was dissolved in water 
the base regenerated by sodium carbonate, and extracted with 
light petroleum. After distilling the extract, the residue was dis- 
solved in a little acetone and kept, when conessine separated m 
colourless plates, amounting to 0*25 per cent, of the bark. A 
further quantity was obtained by working up the mother liquor, 

The ethereal extract of the total alkaloids was extracted with 
dilute hydrochloric acid, and this was basified with ammonia and 
extracted first with light petroleum and then with ether. The 
light petroleum extract was worked up as before for conessine. 
The ethereal extract was concentrated and left for some time, when 
a small quantity of holarrhemne crystallised out. 

Conessine . 

The base employed in this investigation was purified by crystal- 
lisation from acetone, which is particularly suitable for the purpose, 
as Giemsa and Halberkann have remarked. The base is only 
sparingly soluble in cold acetone, but dissolves in boiling acetone 
to the extent of approximately 10 per cent. On cooling, it 
separates in large, colourless plates, which apparently contain 
acetone of crystallisation, for they effloresce quickly in the air, 
becoming free from solvent. The base melted at 125° (corr.). 

Found: C = 81*0, 80*7; H=1T3, 11*4; N = 7*9; Mefattached to 
N)=12*5, 130. 

C 24 H 40 N 2 requires C=80*8; H = ll*3; N=7*9; Me(attached to N)= 
12*6 per cent. 

The molecular we?^ht was determined by the cryoscopic method 
in benzene: 

0*2330 in 29*92 benzene gave AZ = -0*108°. M.W, =361. 

0*4442 „ 29*92 „ AZ = —0*213°. M.W. = 349. 

C 24 H 4[ |N 2 requires M.W. = 356*5. 

The specific rotatory power of the base was determined in chloro- 
form solution: 

ctj, — 0*28°; c = 7*268; 1-2 dcm.; [a] D -l*90°, 
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The specific rotatory power of a specimen of the hydrobromide 
(containing 2-4 per cent, of w'ater) was determined in aqueous 

“c+O'56 0 ; c=3-858; 1=2 dom.; [a] D + 7-4° for the anhydrous salt. 

Cmessine hydrogen oxalate forms prisms readily soluble in hot, 
but rather sparingly so in cold, water, and sparingly soluble in 
alcohol. It melts and decomposes at 280° (corr.) and is 
anhydrous. ” 

Found: C=62*5; H=8‘l. 

C 24 H 40 N 2 ,2C 2 H 2 O 4 (536*5) requires C = 62’6; H = 8‘3 per cent. 


ffofarrkeninc, C^H^ON* 

The crude base was first purified by crystallisation from ethyl 
acetate, when it melted at 190°, and then converted into the hydro- 
bromide. This salt was crystallised from water and washed with 
acetone. It was then reconverted into the base, and this was 
recrystallised from ethyl acetate, when it separated in silky needles 
which melted at 197-198° (corr.). It suffers no loss at 100° It 
is insoluble m water, readily soluble in alcohol or chloroform, but 
spanngly so in cold ethyl acetate, acetone, or ether. 

Found: C=77'5, 776, 77-3; H = 10'2, 10-3, 10-7; N = 77- 
Me(attached to N) = 1M ; 12*2. 

W (370*4) requires C=77’8; H = 10'3; N = 7*6* 
Me(attached to N) = 12*2 per cent. * 

The specific rotatory power was determined in chloroform 
solution : 


Hd-O-75 0 ; c= 5-248; 1 = 2 dcm • 


' — > L a jD - . * . 

The hydrobromide crystallises from water in flat needles, which 
melt at 265—268° (corr.) after drying. It is readily soluble in 
hot, somewhat sparingly so in cold, water. The air-dried salt con- 
tains 3H 2 0 (Found: H 2 O=90. Calc.: H 2 0 = 9'2 per cent,). 

Found, in salt dried at 100°, C=54'4; 11=8 2; Br=29 8. 

C^HjjONj^HBr (532'3) requires C=54’l; H=7 6; Br=30’0 
per cent. 

The specific rotatory power was determined in aqueous solution : 
<d+1 ' 02<> > c= 4'630; 1=2 dcm.; [o] D +ll-0° or +12-1° for the 


anhydrous salt. 

I cetylholarrhenine , prepared by the action of acetic anhydride 
and anhydrous sodium acetate on holarrhenine, crystallises from 
acetone in large, colourless, oblong plates which melt at 180° (corr.l. 
VOL, OXV. T * 
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It is insoluble in water, sparingly soluble in cold alcohol, acetone 
or ether, but readily so in chloroform. 

Found: C = 75*7; H=99; N=6-8. 

Equivalent to HC1, using methyl-orange -202. 

(412*5) requires G = 75‘7; H — 9*8; N = 6‘8 per cent. 

The Welloome Chemical Works. 

Dartford, Kent, 


l Received, February 4th , 1919.] 
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Methane. William Malisoff and Gostav Egloff (/. Physical 
Chem., 1918, 22, 529 — 575). — A summary is given of the work 
which has been published, from all sources, on the physical and 
chemical properties of methane, and a number of important 
problems requiring investigation are enumerated. [See J. ,S !oc. 
Chem. Ind., 1919, 35a.] e. H. R. 

Organic Chemical Reagents . II . Amylene . tert .-Amyl 
Alconol. Roger Adams, O. Kamm, and 0. S. Marvel (J. Amer. 
Chem. Soc., 1918, 40, 1950 — 1955). — -Dehydration of primary 
alcohols by sulphuric acid generally proceeds less satisfactorily as 
the molecular weight of the alcohol increases. Amylene may, how- 
ever, be satisfactorily obtained from commercial amyl alcohol under 
the following conditions. Amyl alcohol (lffi litres) and concen- 
trated sulphuric acid (100 c.c.) are heated to vigorous boiling under 
a reflux condenser in which the water is maintained at such a 
temperature (60 — 90°) as to allow a considerable amount of vapour 
to distil out of the apparatus j the top of the condenser is con- 
nected with a second, efficiently cooled condenser, attached so as to 
permit downward distillation. The heating requires a maximum 
time of about eight hours. At first, water and amyl alcohol pass 
over, whilst subsequently amylene distils. The distillate is washed 
ivith sodium hydroxide to remove sulphur dioxide and the amylene 
isolated by fractionation. It appears to consist of jS-ni ethyl- A a - 
butylene and 0-methyl-M-butylene containing only a negligible 
amount of y-methyl-A^-butylene. The residue in the original flask 
contains amyl alcohol and isoamyl ether, which are recovered by 
distillation with steam and subsequent fractionation. About 
250 c.c. of amylene, 400 c.c, of isoamyl ether, and 500 c.c. of amyl 
alcohol are obtained from 1500 c.c. of the latter. 

Larger amounts of* amylene are more conveniently obtained by 
the pyrogenic-catalytic method, using aluminium oxide as catalyst 
at 500—540°. A suitable electrically heated furnace is fully 
described. The general procedure is similar to that indicated by 
Ipatieff (A., 1903, i, 593). The yield of amylene is 70 — 80% of 
the theoretical, and the product is about 98—99% pentene. The 
catalyst retains its activity over lengthy periods. 

fert-Amyl alcohol is prepared by the gradual addition of amylene 
to a mixture of concentrated sulphuric acid and ice. The product 
13 fluted with ice-water (after removal of any unchanged amylene), 
readered alkaline with sodium hydroxide, and distilled. 275—300 
rams of a product, b. p. 100 — 103°, may be obtained from 325 
grams of amylene. H. W. 

jo®? 0 ®?*”** 1 Isomerism. A. E. Lacohbus (Chem. Weekblad, 
tcj 15, 605 — 610), — The inconsistencies which are introduced 

V 0L. oxyi. i. ,i 
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by the attempts to explain the existence of the as - and tran$~ 
isomerides of ethylenic compounds of the type (A,B)C=C(A,B) by 
the theories of Werner and Stark are pointed out. All such theories 
set out to explain how the existence of the double bond prevents 
free rotation of the two doubly-linked carbon atoms about the line 
joining their centres. The explanations of Werner and of Stark 
are shown to be inconsistent with the hypotheses which they put 
forward as to the nature of the atoms and the mechanism by which 
the atoms are linked together. The author points out that it is 
hopeless to attempt to base an hypothesis of the structure of the 
benzene ring, for example, on theories which are inadequate to 
explain the mechanism of the double bond.. S. I. L. 

Derivatives of Trihalogeno-^ri.-butyl Alcohols. II. The 
Propionic and Butyric Esters of Tribromo-tert . -butyl 
Alcohol (Brometone). T. B. Aldrich (J. Amer. Chem. Soc 
’ 1918, 40, 1948 — 1950. Compare Aldrich and Beckwith, A., 1917, 
i, 77).— 0-Tribromomethylpropan~j9-ol is converted into the corre- 
sponding propionate, white crystals, m. p. 27°, by the action of 
propionyl chloride. The similarly prepared butyrate is an oil, 
b. p. J44 — 145°/13 — 14 mm. Both are comparatively inactive 
pharmacologically, due probably to their not being decomposed 
into soluble constituents having a typical physiological action and 
are rather slowly absorbed. H. W. 

Glyceryl Methyl Ether Dinitrate (a-Methylin Dinitrate). 

David Trevor Jones (T., 1919, 115, 76—81). 

The Action of Sodium Hydroxide on Carbon Monoxide, 
Sodium Formate, and Sodium Oxalate. Maitland C. 
Boswell and J. V. Dickson ( J . Amer. (Jhem . Soc., 1918, 40, 
1779 — 1786). — It has been shown (this vol., ii, 63) that fused 
sodium oxide is very active in effecting oxidations. It is now 
demonstrated that at 410- -430°, carbon monoxide in contact with 
fused sodium hydroxide is oxidised to carbon dioxide, an equi- 
valent amount of hydrogen being produced at the same time. 
Sodium formate when fused with sodium hydroxide at 275°, a 
temperature much below its decomposition temperature, is oxidised 
almost quantitatively to carbon dioxide in a very short time, an 
equivalent amount of hydrogen also being formed. Sodium oxalate 
is similarly oxidised at 290®. In both these cases, it is the water 
present in the fusion, catalysed by the sodium hydroxide, which 
is the effective oxidisr- ; ageut-. It is held that the general reaction 
involving the replacement of the carboxyl group by hydrogen in 
alkali fusions, for example, in the formation of benzene from 
sodium benzoate, involves simultaneous oxidation and reduction 
by the oxygen and hydrogen of water. [See also Soc. Cbeni. 
2nd., 1919, February.] E. H. R. 

Quinonoid Character of Maleic Anhydride. Paul Pfeiffer 
and Theodor Bottler {Her., 1918, 51, 1819 — 1829. Compare 
Pratt and Perkins, A., 1918, i, 167).— Maleic anhydride is related 
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ioo furan in the same manner as quinone to benzene; it may there- 
fore be regarded as a quinone of furan, and, in the present com- 
munication, evidence is adduced to show that the formal analogy 
is reproduced in its properties. 

A characteristic property of quinones is their ability to yield 
more or deeply coloured molecular compounds with aromatic hydro- 
carbons, amines, phenols, and phenol ethers (A., 1914, i, 551; 
1917, i, 205); this property is shared by maleic anhydride, which, 
although yielding colourless solutions in benzene, toluene, or 
;n-xylene, gives coloured solutions with durene, hexamethylbenzene, 
naphthalene, 2:4:5:2 / :4 / : S'-hexamethylstilbene, o-tolyl methyl 
ether, and quinol and dimethylaniline. The influence of sub- 
stituents in the molecule of the solute and solvent, respectively, is 
similar in the cases of ^benzoquinone and of maleic anhydride. 
Thus, methylation in the quinone molecule exerts a hypsochromic 
action on the colour of the quinhydrone; similarly, solutions of 
eitraconic anhydride are less intensely coloured than corresponding 
solutions of maleic anhydride. Methylation in the benzenoid com- 
ponent produces a deepening of colour in the cases of p-benzo- 
quinone and of maleic anhydride. The introduction of an ortho- 
condensed benzene nucleus has a similar influence in each instance, 
as is proved by the comparison of a-naphthaquinone with p-benzo- 
quinone on the one hand and of phthalic anhydride with maleic 
anhydride on the other. The deepening in colour caused by the 
introduction of halogen atoms into the quinone molecule is remark- 
ably characteristic; the same effect is produced in the anhydrides, 
as proved by examination of bromomaleic, dibromomaleic, and 
tetrachlorophthalic anhydrides. Attempts to isolate the additive 
compounds of maleic anhydride or its bromo- or methyl derivatives 
in the crystalline state were not successful, but similar substances 
were readily obtained from tetrachlorophthalic anhydride and 
durene (long, pale yellow needles) and hexamethylstilbene (orange- 
coloured, shining leaflets, m. p. 183—184°), respectively. 

The effect of alteration in the structure of the anhydride has 
also been investigated. Succinic anhydride yields colourless solu- 
tions in all the media mentioned above, whilst the solutions of 
itaconic anhydride are much less deeply coloured than those of 
eitraconic anhydride. When dissolved in dimethylaniline, itaconic 
anhydride is gradually isomerised to eitraconic anhydride. On 
passing from the anhydride to the corresponding acid or its esters, 
the quinonoid character is largely lost and the solutions are colour- 
less or less intensely coloured, as is shown at the instances of maleic 
and dibromomaleic acid3, of methyl fumarate, and of methyl tetra- 
chlorophthalate. The substance, CO,H*CBr:CBr*CHO, "scarcely 
possesses any quinonoid characteristics, but these are more 
marked with £ran$-dibenzoylethylene. y-Pyrone and the ketones 
of the distvryl ketone series are less nearly related to quinone 
than is maleic anhydride; the former yields completely colourless 
solutions, whilst those of the latter only show faint colorations. 

It was to be expected that imides of the type of maleinimide 

d 2 
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would also show quinonoid characteristics; this is actually the ca se 
but solutions of citraconanil and tetraehlorophthalimide are less 
deeply coloured than those of citraconic and tetrachlorophthalic 
anhydrides. 

Maleic, citraconic, phthalic, and tetrachlorophthalic anhydrides 
do not exhibit halochromic phenomena when treated with concen- 
trated sulphuric acid, trichloroacetic acid, or tin tetrabromide. 
Further investigation of this problem has led to the conclusion 
that the carbonyl groups of the substances which yield quin- 
hydrones and of typical halochromic compounds must differ 
markedly in their chemical nature. H. W. 

Oxidation of Organic Compounds by Silver Oxide. 

Robert Behrend and Karl Dbever (Annalen, 1918, 416, 
203 — 225). — It has long been known that many acids and alcohols 
are oxidised by silver oxide, but hitherto a systematic investigation 
has not been made of the relation between the constitutions of 
substances and their tendency to oxidation or of the nature and 
quantity of the products of oxidation. The present paper deals 
with these points in the case of the simpler, hydroxylic aliphatic 
compounds. In order that a substance may be oxidised by silver 
oxide in alkali hydroxide or ammoniacal solution, it must contain 
a !CH*OH (or CO or C[OH] 2 ) group combined with two *CH 2 *0H, 
two !CH*OH, or two ’CCUI groups, or with any two of these three 
groups. Tartronic, tartaric, dihydroxytartaric, glyceric, mucic, 
saccharic, and gluconic acids, dextrose, glycerol, and mannitol are 
thus oxidised. For oxidation in neutral or acid solution, it suffices 
that the ICH*OH group shall be combined with a carboxyl group 
and also with H, CH 2 , or CH S . Glycollic, lactic, malic (and also 
formic) acids are thus oxidised. Propylene glycol, ethyl alcohol, 
isopropyl alcohol, and oxalic acid suffer little or no oxidation. In 
alkali hydroxide solution, substances of the group first mentioned 
are oxidised rapidly and completely; the rate of oxidation is 
accelerated, but the relative quantities of the products of oxida- 
tion are unaffected by an increased concentration of the alkali 
hydroxide. In ammoniacal solution, silver oxide oxidises the alkali 
salts of the acids completely in fifty minutes at 90°. The acids 
are more easily oxidised in the form of alkali salts than in the 
form of ammonium salts. An excess of ammonia or of ammonium 
salt retards the oxidation. 

The produces of oxidation in alkaline solution contain at most 
two atoms of carbon, and are never obtained in simple molecular 
proportions. All the substances with the exception of glycerol 
yield carbon dioxide as one of the products of oxidation in acid or 
in alkaline solution. Formic acid is a product of oxidation in 
alkaline solution, and then only if the oxidisable substance con- 
tains a !CH*OH group united with a ICH*OH or *CH 2 *OH group 
as well as with a *CH 2 ’OH, or *C0 2 H group. Formic 

acid may be an intermediate product of oxidation in acid solution, 
but in such circumstances it undergoes further oxidation. Oxalic 
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ac id is almost always the chief product of oxidation in alkaline 
solution; in neutral or acid solution, it is formed in much smaller 
quantity. In neutral solution, malic acid yields malonic acid, 
a nd lactic acid and propylene glycol yield acetic acid. C. S. 

Tartronic Acid. Robert Bebrend and August PrOsse 
(, {nnalen , 1918, 416, 233 — 239). — Tartronic acid has been pre- 
pared by eleven investigators, who record eight different m. p.’s 
between 145° and 185°. The correct value appears to be 156 — 158° 
(decomp.). C. S. 

preparation of Gulonolactone . F. B. La Forge (J. Biol 
Chew., 1918, 36, 347 — 349). — To a solution of 150 grams of xylose 
in 300 c.c. of water, 30 grams of hydrocyanic acid are added, and 
then a few drops of ammonium hydroxide. The reaction com- 
mences at once, and is completed in about six hours at 35°. 
Slightly more than one equivalent (55 grams) of sulphuric acid 
diluted with a small amount of water is added to the solution, 
which is then concentrated at once to a viscous syrup. Hydrolysis 
of the nitrile takes place, and on cooling and keeping, the lactone 
crystallises out. The yield after recrystallisation from 60% alcohol 
amounts to 55 to 60% of the weight of xylose used. H. W. B. 

Crystallography and Optical Properties of Three 
Aldopentoses . Edgar T. Wherry (/. Amur. Chem. Soc., 1918, 
40, 1852 — 1858). — The optical properties of the crystals of the 
three sugars a-^-lyxose, a-d-xylose, and /9-r7-ara binose enable them 
to be readily distinguished, and a determinative table is given for 
this purpose. For the determination of the refractive indices by the 
immersion method, suitable mixtures of turpentine oil (n 1*47), 
clove oil ( n 1*53), and a-bromonaphthalene (n 166) are used. 

a-d-Lyxose forms monoclinic, probably sphenoidal, crystals, 
n:b :c= 1*608 : 1 : 1 '828 ; j9 = 62°10 / ; mean refractive index, n 1*541 ; 
D 20 1*545; molecular refraction, M 30*60. 

a-rf-Xylose, rod-shaped, monoclinic, probably sphenoidal, crystals, 
*:*:c= 1*655:1:1*776; 0=62°55'; n 1*536; V® 1*525; M 30*67. 

M-Arabinose, rhombic, probably sphenoidal, needles, a:b\c~ 
1-497:1:0*738; n 1*568; D 20 1*605; M 30*61. 

Lyxose and xylose are obviously very closely related crvstallo- 
tgaphically, and jS-arabinose, although crystallising in a different 
system from the others, shows closely similar inter-facial angles, 
and the three sugars form an essentially isomorphous group. The 
molecular refractivities are all slightly lower than that calculated 
horn the atomic refractivities, 31-2. The divergence is probably 
we to some peculiarity of molecular configuration. E. H. R. 

Tetramethylammonium Azide. Frank V. Friedlander 
(7. Amer. Chem . Soc 1918, 40, 1945— 1947).— Tetramethyl- 
wimonium. azide , NMe 4 N 3 , is prepared by the gradual addi- 
ion of a solution of tetramethylammoniura iodide to an aqueous 
^pension of a slight excess of silver azide. The crystals 
belong to the tetragonal system {a :e=l : 0*7245). It is a fairly 
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stable substance which does not explode when struck with * 
hammer, when ground in a mortar, or when dropped on a hot 
plate; the dry salt begins to decompose at about 125°. Attempts, 
to transform it into the isomeric tetramethyltetrazone, 
NMe^NtN-NMe,, 

have been unsuccessful up to the present. H. W. 

Glycosine. Kobert Behrend and Hermann Kolln ( Annalen 
1918, 416 , 230 — 233). — In addition to glyoxaline, very small 
quantities of glycosine are obtained by the action of ammonia 
on glyoxal. The yield of glycosine is considerably increased by 
the following procedure. In a tall cylinder are placed 20 c.c. of 
nitric acid, D T4, containing ten to fifteen drops of fuming nitric 
acid, 25 c.c. of water, and 25 c.c. of paraldehyde, the three liquids 
being introduced with as little intermixture as possible. The 
cylinder is immersed in water, the level of which is higher than 
that of the liquids in the cylinder. When the liquids have inter- 
mixed after some days and the evolution of gas has ceased, the 
mixture is repeatedly evaporated with water to remove volatile 
acids as completely as possible, and the residual syrup is diluted 
to 50 c.c; with water, producing an approximately 20% solution of 
glyoxal. One-half of this solution is evaporated until the tempera- 
ture is 120°, 25 — 30 grams of ammonium acetate which has been 
heated at this temperature are gradually added, the resulting 
brownish-black liquid is dried at 100 — 110° and treated with 
water. The black residue of crude glycosine is dried in air and 
then at 70°, dissolved in warm 35% hvdrochloric acid (which is 
added drop bv drop), the solution is diluted with water, boiled 
with animal charcoal (free from iron), filtered after keeping for 
twenty-four hours in the warm, the brown filtrate is boiled again 
with animal charcoal, and the colourless filtrate is neutralised bv 
ammonia, whereby glvcosine is obtained in 42*5% yield, 

A modification of Pinner’s method of preparing trichlorolaetic 
acid from chloral is described. C. S. 

/hAminoethyl Alcohol and its Derivatives. Sigmund 
Franker and Martha Cornelius (Ber. y 1918, 51 , 1654 — 1662). — 
The following derivatives have been prepared to facilitate the identifi- 
cation of the amino-alcohol. fi-Benzoylami no ethyl alcohol , 
NHBz-CH 2 «CH 2 -OH, 

prepared by boiling an alcoholic solution of the dibenzoyl deriv- 
ative with the quantity of solid potassium hydroxide calculated to 
eliminate one benzoyl group, forms colourless leaflets, m. p. 
66 — 67°. cetylammo ethyl acetate, NHAc'CHr/CH/OAc, b. p. 

103°/0’049 mm., is obtained by boiling /3-ami noe thy 1 alcohol with 
acetic anhydride. B-A cetylaminoetkyl alcohol , prepared from the 
amino-alcohol and acetyl chloride at 0°, forms colourless needles, 
m. p. 63 — 65°. fi-Nfiwhthalenesul'phonylaminoethyl alcohol, 
C lf ,H 7 *S0. 2 *NH*CEL»'CH9*OH, asbestos-like crystals, m. p. 86 — 87°, 
is obtained by adding -sodium hydroxide to an ethereal solution 
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of j8-naphthalenesulphonyl chloride (2 mols.) and j8-aminoethyl 
alcohol (1 mol.), and subsequently acidifying the aqueous solution, 
fab-Nitrobenzoylaminoet hyl m-nitrob entoate , 

NO 2 *C 6 E 4 *CO*NH*CH 2 *CH 2 -O-CO-C 6 H 4 'N0 2 , 

colourless needles, m. p. 152 — 153°, obtained by heating ^-amino- 
ethyl alcohol (1 mol.) and m-nitrob enzoyl chloride on the water- 
bath, is reduced by the calculated quantity of tin and hydrochloric 
acid to #-m -aminohenzoylaminoethyl m-aminobenzoate hydro- 
chloride } C 16 H 17 0 3 N 3 ,2HC1, crystals, m. p, 232°. /8-p -Nitrobenzoyl- 

aminoethyl p -nitrobenzoale, yellow needles, m. p. 188 — 189°, and 
jg-p-, aminohenzoylaminoethyl p -aminobmzoate, crystals, m. p, 206°, 
are obtained by similar methods. fS-Phenylcarbamidoethyl phenyl- 
carbamate, NHPh»CO*NH 4 CH 2 *CH 2 *<>C<>NHPh, colourless 
crystals, m. p. 190 — 191°, is obtained by adding phenylcarbimide 
drop by drop to cold 0-aminoethyl alcohol, and then heating the 
mixture in a sealed tube at 100°. jS -Aminoethyl hydrogen 
sulphate, NH 2 *CH 2 *CH 2 , 0 , S0 3 H, colourless crystals, m. p. 230°, is 
obtained from the amino-alcohol and fuming sulphuric acid in a 
freezing mixture. 
p-(llycylaminoethyl glycine, 

NH 2 -CH 2 *C0»Nn-Cn 2 ‘CII 2 -0*C0*CH 2 -NH. 2l 
obtained by adding chloroacetyl chloride (2 mols.) to a chloroform 
solution of j8-aminoethyl alcohol (1 mol.) at 0° in the presence of 
lead carbonate, warming the mixture for a moment on the water- 
bath, and, after the cessation of the reaction and evaporation of 
the* chloroform, treating the residual yellow syrup with concen- 
trated aqueous ammonia, is a yellow syrup which is converted 
by the Schotten-Baumann method into jS- hipjmrylaminoethyl 
hippurate, NHBz-CH,-C0-NH-CH 2 *CH 2 -0*C0-CH 2 -NHBz, colour- 
less leaflets, m. p. 144°. 


J)i car b am in oet hyl carb on ate, 

m. p. 88 — 90°, is obtained by the prolonged action of carbonyl 
chloride on j8-arninoethyl alcohol in chloroform solution in the 
presence of lead carbonate. 

^-Aminoethyl alcohol in very dilute solution responds to the 
iodoform test. By treating an aqueous solution of the amino- 
alcohol with sodium nitrite and Ehrlich’s reagent (2% alcoholic 
p-dimethylaminobenzaldehyde and dilute hydrochloric acid), an 
intense canary-yellow coloration is produced which is not destroyed 
bv wanning or by the addition of aqueous ammonia or potassium 
hydroxide. 

d-Benzoylaminoethyl alcohol, jS-rn-aminobenzoylaminoethyl 
M-aminobenzoate hydrochloride, and /3-p - a rn i n ob e nz oyl am inoethyl 
p-aminobenzoate arc not anaesthetics. C. S. 


/3-Hydroxytrimethylenediglycine. Hugo Krause ( Ber 
1918, 51, 1556—1571. Compare A., 1918, i, 156, 337).— 0-Hydr- 
oxytrimethylenediglycine has D4 5 1*348 by the swimming method. 
Its solution in formalin or water produces on a pine shaving a 
greenish-yellow, but not very intense, coloration; the reaction may 
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be used as a sensitive method of detecting glycine. The colora- 
tion is destroyed by alkali hydroxide or carbonate and by ammonia.. 
Esters of /3-hydroxytrimethylenediglycine are obtained by the 
action of aqueous sodium hydroxide on a solution of the glycine 
ester hydrochloride in formalin. The methyl ester, 
0H-CH(CH 2 *NH*CH 2 -C0 2 Me) 2 , 

a viscous, colourless liquid still containing 10% of formaldehyde, 
D 1S 1*18, is obtained in only 19% yield, but the ethyl ester is more 
readily obtained. When pure, it has b. p. 140 — 150°/16 mm. 
(partial decomp.), D 15 1*150, and a molecular weight in benzene or 
naphthalene corresponding with its formula. It is comparatively 
stable towards sodium hydroxide, but is decomposed quantitatively 
by cold dilute hydrochloric acid, yielding methyl alcohol, form- 
aldehyde, and ethyl glycine hydrochloride. 

When the ethyl ester (84% purity) is heated at 16 — 18 mm., the 
distillate, apart from formaldehyde and unchanged ester, consists 
of a pale yellow oil, b. p. 200° / 1 6 mm., which appears to he ethyl 
methyl enegly cine, CHglN’CHo'CCXEt, or ethyl ethylenediglycine , 
C 2 H 4 (NH-CH 2 -C0 2 Et) 2 , more probably the former. 

In the expectation of preparing the amide, ethyl /3-hydroxytri* 
methylenediglycine was heated with alcoholic ammonia at 68 — 70° 
for twenty-four hours, but the chief product was a substance, 
C n H ni 0 4 N 3 , which mav have the formula 

NHICCCHo-NH-CT^-COoEt).,. 

The silver salt, C 3 H 6 0 3 NAg. previously described (loc. cit 
can also be prepared by dissolving glycine in 30% formaldehyde 
solution in the cold, neutralising this solution immediately with 
4A r -potassium hydroxide (phenolphthalein as indicator), and add- 
ing 20% silver nitrate solution. It is decomposed in aqueous 
suspension by hydrogen sulphide, yielding formaldehyde and 
glycine. The acid corresponding with tfce silver salt is therefore 
probably N -hyd roxy methylgly cine, OH’CH^'NH’CH^COJI. 

“ C. S. 

Comparisons and Similarities : Water and Ammonia. 

G. Ciamician (Atti R. Accad. Lined, 1918, [v], 27, ii, 141 — 146). 
—Attention is directed to the chemical analogy between OH 2 and 
NH 3 , between 'OH and and between IO and (compare 

Angeli, A., 1910, ii, 844, 948; 1915, i, 847). Such analogy is 
clearly shown in the relation between CtO and C1NH, the ready 
oxidation of cyanides to cyanates corresponding with that of carbon 
monoxide to carbon dioxide, and the reduction by zinc of cyanic 
acid with that of car'/on dioxide. These relations are further 
rendered evident by the following- series of equations: (XX>-|-H 0 0~ 
CO(OH).,; CO, + NH, = OH-CO’NH„; 0:C:NH + NH 3 =CO(NIU; 
C(:NH) 2 4- HoO = CO(NH.A, ; C(:NH) 2 -fKOH=OR-C(:NH)*NH,; 
C(*NH) 2 + NH 3 =NH!C(NHV) 2 . The polymerisation of cyanamide 
to dicyanodiamide corresponds with the synthesis of guanidine and 
its derivatives, the two tautomeric forms of cyanamide being 
reyarded as reacting: C(:NH) 2 + CN*Nir 2 =NH 2 -C(:NH)-NH-CN. 
Other similar analogies are recorded. T. H. P- 
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Formation of Carbamide from Ammonium Carbonate 
and Related Substances. . Fr. Fichtrr, Heinrich Steiger 
and Theophil Stanisch (Verh. Schwerz. Nat, Ges 1916 28 ii’ 
66-103; from Chem. Zentr., 1918, ii, 444— 446).— In a previous 
communication (Fichter, Stutz, and Grieshaber, A., 1913, i, 713) 
the formation of carbamide by the electrolysis of ammonium 
carbamate was attributed to the intermediate production of 
form amide by the action of hydroxylamine on ammonium 
carbamate* this view can no lqnger be maintained, since direct 
experiment shows that ammonium carbamate is not reduced by 
hydroxylamine. . On the other hand, carbon dioxide reacts with 
hydroxylamine in the same manner as with ammonia, giving, 
according to conditions, hydroxylamine carbonate or the dihydr- 
oxylamine salt of hydroxycarbamic acid, 0H*NH*C0 2 H,2NHo*0H. 
The experiments on the electrolysis of ammonium carbamate solu- 
tion (loc cit.) have therefore been repeated, the same solution 
being used as in previous experiments, but every care being taken 
to keep the anode and cathode solutions separate by enclosing the 
electrodes in porous pots immersed in a trough, all vessels contain- 
ing the same solution. The results show that carbamide is pro- 
duced exclusively at the anode, but no trace of a corresponding 
reduction product, such as formic acid or fonnamide, could be 
detected at the cathode. Under the experimental conditions, 
Liebig s method of detecting carbamide is unsuitable, but Fosse's 
method (A., 1914, ii, 756) gives trustworthy results, is not affected 
by the presence of ammonium salts, and allows the isolation of 
carbamide by the action of alcoholic hydrogen chloride on the 
dixanthylcarbamide. 

Attempts have also been made to effect the oxidation of 
ammonium carbamate to carbamide by purely chemical means; 
hydrogen peroxide or calcium permanganate gives small but dis- 
tinctly recognisable quantities of carbamide. Oxidation may also 
be effected by ozone, either by leading ozonised oxygen into 
ammonium carbamate solution or over powdered ammonium 
carbonate, or by mixing ozonised oxygen, ammonia, and carbon 
dioxide. The yield depends on the concentration of ammonia and 
the temperature. The chemical and electrochemical oxidations 
have the transformation of ammonia into ammonium nitrate as a 
common feature; also, the local increase in temperature caused by 
the reaction is sufficient to cause a purely thermal transformation 
of ammonium carbamate into carbamide. 

The general explanation of the equilibrium between ammonium 
carbamate and carbamide is that the former passes into the latter 
V loss of a molecule of water. This, however, is opposed to the 
law of mass action; the change is more probably represented by 
the scheme: NH,-C0,NH 4 + H 2 0 = (NH 4 )*C0 8 ^ CO(NTL). 2 + 
Direct experiment shows that the rate of formation of 
carbamide is increased by water in the early stages of the reaction, 
as is required by the above hypothesis. The authors are therefore 
lea to the conclusion that normal ammonium carbonate is the 
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actual source of carbamide; since, however, the presence of water 
has an effect disadvantageous to the carbamide in the final equil- 
ibrium, (NH 4 ) 2 C0 3 n CC^NH^-f 2H 3 0, it is advisable to operate 
with substances containing the components of ammonium carbonate 
but having less water, such as ammonium carbamate. At the 
temperature of the reaction, the small quantity of hygroscopic 
moisture is sufficient to start the conversion of the carbamate into 
carbonate, and as soon as the latter commences to be transformed 
into carbamide, water is liberated in amount sufficient to complete 
the hydration of the carbamate. In the anhydrous condition, 
ammonium carbamate is more stable than the carbonate; in the 
presence of water, however, it becomes unstable, and, above a 
certain temperature, is incapable of existence. In the region above 
135°, there is only the equilibrium between ammonium carbonate 
and carbamide, in which the latter is favoured by further rise of 
temperature; below 135°, on the other hand, the complex equil- 
ibrium of the first scheme exists. The maximum yield obtained at 
135° thus finds a simple explanation. The equilibrium. 
(NH 4 ) 2 C0 3 C0(NH 2 ) 2 + 2H 2 0, has been investigated at 125 C , 

100°, 78°, and 37’38°, and the combined effects of temperature and 
dilution are explicable from the point of view of the complex 
equilibrium scheme. Lowering of temperature renders the 
carbamate and the carbamide more stable; increase in the quantity 
of water acts in the opposite direction in each case. According to 
the preponderance of one or the other factors, the following effects 
may be observed at temperatures below 135° with a constant mole- 
cular ratio of carbamate to water : (1) the second portion of the 
scheme may be so far favoured that the yield of carbamide is in- 
creased, since the amount of water suffices to convert' a larger pro- 
portion of carbamate into carbonate in spite of the actual increased 
stability of the former; (2) the yield may remain constant, since 
the increase in stability of the carbamate balances the increased 
tendency to formation of carbamide; (3) the increased stability of 
the carbamate is not counterbalanced by the amount of water, and 
the yield of carbamide sinks. All three possibilities have been 
experimentally realised. Free ammonia favours the carbamide in 
the equilibrium, (NH 4 ) 2 C0 3 ~ C0(NH 2 ) 2 + 2H 2 0, in the absence 
of water, but is without influence in presence of the latter. 

H. W. 

Acetylmethylcarb amide. Kobert Behrend and Hass 
Odenwald (A nnalen, 1^18, 416, 228 — 229). — Fifty-nine grains of 
acetamide (1 mol.) are dissolved in 88 grams of bromine (0*55 mol.}, 
a 20% solution of potassium hydroxide (56 grams; 1 mol.) is added, 
the solution is heated on the water-bath until it becomes yellow 
and is no longer alkaline, and is then cooled, when acetylmethyl- 
carbamide crystallises. Further quantities can be obtained from 
the mother liquor, the total yield being 75% of the theoretical. 
With even a slight excess of alkali, the yield falls to zero. C. S. 
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Substitution in Aromatic Compounds. H. J. Peins (Chm. 
\Ytekblad , 1918, 15 , 571 — 580). — It has been shown in an earlier 
paper (ibid., 98) that substitution in aromatic compounds begins 
by addition to a carbon atom of the ring, followed by reaction with 
the hydrogen atom attached to that carbon atom; the reactivity 
of the hydrogen atom depends, therefore, in the first place, on the 
degree of unsaturation of the atom to which it is attached, as is 
true also in the case of alcohols and amines. Since unsaturation is 
distributed over the whole nucleus, addition can obviously occur at 
: jnore than one carbon atom. The analogy with alcohols and amines 
; 13 shown, not only in the carbon atoms of the nucleus, but in 
; oxygen or nitrogen atoms in side-chains attached to the nucleus, 
i a nd substitution can be brought about in all these cases by the 
: «ame catalysts. 

Substitution may be not only direct, but indirect also, as in the 
case of chloroacetanilide ; the reaction here is unimolecuiar, and 
may be ascribed to a disturbance of the equilibrium between the 
energy of the atoms (atom-energy) and the energy of combination 
between the atoms (link-energy). Substitution occurs, then, in the 
first place at the least saturated carbon atom, but this may not 
yield the most stable system, and the substituting group may finally 
take up a different position. 

The entry of any substituent X into the benzene ring must 
cause a change in the relation between atom-energy and link- 
energy, both in the substituent and in the nucleus. Two cases may 
arise. In the first, in which the link-energy between X and Cj, 
tlie carbon atom to which X becomes attached, is greater than that 
between and the hydrogen atom displaced ; the atom-energy of 
Cj is therefore reduced, and to restore this as far as possible, the 
link-energy between C, and its neighbours, C 2 and C 3 , is reduced, 
with the consequence that the link-energy between C 2 and C 4 and 
between C 8 and C 5 is increased (C 4 and C fi being the neighbours 
of C 2 and C 3 remote from Cj), and that between C 4 and C 6 and 
C s and C 6 is diminished ; C 6 , therefore, by the diminution of its 
link-energy, receives an increase of atom-energy, and is therefore 
rendered more reactive. The effect of introducing X, therefore, is 
to make the para-carbon atom more reactive. In the second case, 
in which the link-energy between Cj and the substituent is less 
than between C t and hydrogen, the redistribution of energy causes 
an increase in the atom energy of C 4 and C 5 , that is, of the carbon 
atoms in the meta-position. 

The fact that a substituent which directs a second substituting 
froup to the meta-position also causes a reduction in the velocity 
0 substitution is taken to indicate that the atom-energy of the 
jitoms of the substituted nucleus is less than that of the atoms of 
. 6 unsubstituted benzene ring itself, and hence it follows that the 
introduction into the ring of a group which directs to the meta- 
Position causes the transformation of atom-energy into link-energy 
throughout the ring as a whole. 


d* 2 
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It is shown that substitution in the benzene nng cannot be <*. 
plained by the assumption of a conjugated system as attempted 
by Boeseken (A., 1912, i, 430) and by Holleman (Chem. Weekbhj. 
1913, 10, 615, 618), without postulating many other conditions. 

Pyrogenic AcetyleneJCondensations . V . Richard Mrykr 
and Wilhelm Meyer (Ber., 1918, 51, 1571—1587. Compare A., 

1917 i 313). In addition to the substances previously identified 

m the product of the pyrogenic condensation of acetylene, o-xylete 
(identified as o-phthalic acid) and indene have been detected and 
the presence of mesitylene and fcuroena confirmed. Durene and 
Modurene could not be detected. The methylthrophen obtained l y 
the condensation of acetylene, methane and hydrogen sulpiuw 
(loc. eit.) is proved to be a-thiotolen, and thionaphthen has been 
found in the product of the condensation of acetylene and hydrogen 
sulphide. A complete list is given of all the products obtained 
by pyrogenic acetylene condensations. , 

Hydrindene brominated in the cold in the presence of^ a little 

iodine yields 4:5: 6 :t -tetrabromohydrindene, 
needles, m. p. 200° (which is converted into tetrabromophthalic 
acid by oxidation), but, brominated in boiling chloroform, yields 
1:2: Z-tribromohydrindene, feathery crystals, m. p. 134°, which 
yields phthalic acid by oxidation, and is also obtained by the 
further bromination of indene dibromide. 

About 0-5 c.c. of aniline was obtained when the vapour of 
3 litres of benzene mixed with ammonia was passed during twenty 
four hours through a tube heated at 550° initially and at /0i> 
finally; aniline could not be detected if the temperature was 
maintained at 550° throughout. [See also J. Soc. Chem. Ini., 
1919, 35a.] S 

■"JjThe Optically - Active ^oMethylhydrindamiiies . Joseph 

Walter Harris (T., 1919, 115, 61 — 67). 

The Fusion of Sodium Hydroxide with Several Phenols 
and Sulphonic Acids. Maitland C. Boswell and J. h 
Dickson (/. Amer. Chem. Soc., 1918, 40, 1786—1793).-! 
number of experiments were carried out in which sodium benzeifr 
sulphonate was fused with sodium hydroxide at temperatures^ 

300 350° in a r .oeed vessel in presence or absence of air, the 

gaseous contents of the tube being analysed before and after till 
experiments. It was found that when the fusion was carried oil 
in presence of air, a considerable quantity of hydrogen was fonnet 
and a much smaller quantity of methane or other gaseous hy®° 
carbon. At the same time, some of the oxygen originally presen 
disappeared, the volume ratio of hydrogen formed to oxygen W 
up being approximately 1:2. When air is excluded from tc 
fusion, however, no hydrogen or methane appears. It was W 
working on comparatively large quantities of material, tha 



ORGANIC CHEMISTRY. 


i. 73 

-arrying out the fusion in an atmosphere of nitrogen instead of 
iir, the yield of phenol could be increased from 90% to 98% of the 
theoretical. 

In the presence of free oxygen, secondary reactions evidently 
xtcur involving the absorption of oxygen, followed by an oxida- 
tion involving the elements of water. To determine whether any 
jf the dihydroxy- or trihydroxy-benzenes are formed as secondary 
products, the fusion of all six of these with sodium hydroxide in 
presence or absence of air was studied. In the case of five of 
them, hydrogen was formed in presence, not in absence of air. In 
the case of . hydroxyquinol, much hydrogen is evolved even in 
ibsence of air, and also considerable quantities of methane. It is 
not considered that any of these can be the direct cause of 
hydrogen formation in the benzenesulphonate fusion. 

Sodium hydroxide does not bring about catalytic oxidation of 
:he dihydroxybenzenes, of pyrogallol, of 0-naphthalenesulphonic 
tcid, or phenylglyeine-o-carboxyKc acid. With sodium anthra- 
jumone-£-suIphonate, however, oxidation occurs in absence of 
)xygen, with formation of free hydrogen. E. H. R. 

.The Miscibility of Phenol and Alkaline Solutions. Rexb 
Dcbrisay, Tripier, and Toquet ( Compt. rend., 1918, 167. 
[036 — 1038). — The coefficient of reciprocal miscibility of phenol 
md water steadily increases with the addition of alkali hydroxides 

0 the water. Curves are given for sodium hydroxide at concen- 
rations varying from Nf 20 to N/Z. The action of the alkaline 
>arth hydroxides is similar, but less marked. On the other hand, 
icids and salts of the strong acids cause a diminution in the 
'oefiicient, and the same holds good for the alkali carbonates. 

w. a. 

Aromatic Derivatives of Orthosulphurous Acid. M. M, 

Iichter (Annahn, 1918, 416, 291—304. Compare A., 1917, 

» 24).— The attempt to prepare aryl sulphates in the same way as 
rvl sulphites (Joe. eit.) by means of sulphuryl chloride and 
wndine failed, chlorinated liquid products being obtained, 
^enyl sulphate is obtained indirectly by dissolving phenyl sulphite 
n concentrated sulphuric acid with cooling and pouring the solu- 
ion into water. The amorphous precipitate obtained separates 
rom formic acid solution in elates with blunted angles, m. n. 
$8° (decomp.; rapidly heated) or 380—282° (decomp.; slowlv 
eated). The substance is regarded as a double salt of diphenyl 
ulpnate (1 mol.) and diphenyl sulphite (2 mols.) having the 
oimula SO,rO-S(OPli) 3 l, that is, it is a sulphate of triwhenvl- 
) t^omlphurmis acid. It is easily soluble in formic, sulphuric, 
ft phosphoric acids, in methyl sulphate and in alkali hvdroxides 
ft(. carbonates, ammonia and alkali sulphides, dissolves slightly in 
r arm methyl or ethyl alcohol and in boiling water, and is insoluble 
\ a . °^ r common solvents. It is converted bv alcoholic hydro- 
^he chloride of friphenvlorthnsvlvhv.rnvs 
. SfOPhljjCl, long, prismatic needles, m. p. 256° (decomp.), and 

1 r nute potassium hydroxide solution bv a solution of pyridine 
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hydrochloride containing an excess of pyridine into triphenplorth iq. 
sulphurous acid , OH>S(OPh) 3 , an amorphous powder, m. p. 233 c 
The last substance is amphoteric. Its acidic character is weaker 
than that of carbonic acid, whilst its basic properties are such that 
a hot 50% alcoholic solution has an alkaline reaction toward? 
litmus. The three phenyl groups are not eliminated by hydro, 
lysing agents. By treating an alcoholic suspension of the acid 
with the requisite acid, the bromide, S(OPh) 3 Br, needles, m. p 
241 — 242° (decomp.), iodide,, short needles, m. p. 194 — -195° 
(reddening), nitrate, hair-like needles, m. p. 160 — 161° (decomp.) 
acetate , waxy mass, and picrate , yellow mass, are obtained. Ethyl 
t riph enylort h os u Iphi t e , OEt*S(OPh) 3 , amorphous powder, m. p 
244° (decomp.), is obtained from the chloride and alcoholic sodium 
ethoxide. 

The sulphate , S02[0*S(0*C ( jH i Me) 3 ]g, crystals, m. p. 296° 
(decomp.), prepared from di-o-tolyl sulphite, and the correspond- 
ing sulphate, m. p. 315° (decomp.), prepared from di-m-tolyl 
sulphite, are obtained in the same way as the phenyl analogue; 
the latter yields tri-m-toli/lorthosulphurous acid , amorphous 
powder, m. p. 267° (decomp.), by treatment with pyridine hydro- 
chloride as above. 

The colourless, amorphous sulphate, m. p. 232° (decomp.), 
obtained by pouring a solution of dithymyl sulphite in concen- 
trated sulphuric acid into water, is regarded as a mixed anhydride 
of sulphuric, dithymylorthosulphurous, and trithymylortho- 
sulphurous acids, (C K( H 13 *0) 3 S*0 , S02*0*S(0 'Cj () H is ) 2 *OH. It is 
soluble in alcohol, but by treating its solution in aqueous-alcoholic 
potassium hydroxide with alcoholic sulphuric acid, a sulphate, 
SO 2 [O’S(O*C 10 H ]3 ) 3 ]. ? , amorphous powder, m. p. 280— 28P 
(decomp.), is precipitated, which is insoluble in alcohol. The , in- 
soluble sulphate yields frit hym ylorth osulphurous acid, amorphous 
powder, m. p. 274 — 275° (decomp.), by the pyridine hydrochloride 
method, whilst the soluble sulphate, by treatment with alcohol and 
the requisite acid, yields the chloride, SCl(O*C 10 H ]3 ) 3 , amorphous 
powder darkening at 295 — 300° without melting, bromide, small 
crystals, decomp. 330 — 340°, iodide , crystals, and nitrate , small, 
rectangular plates blackening at 285 — 290°» without melting. 

C. S. 

Thiophenol in Synthetic Phenol. G. Cappelli (GazzeMa, 
1918, 48, ii, 107 — 113). — The repulsive odour exhibited by some 
samples of synthetic p.enal is sometimes attributed to the presence 
of thiophen in the benzene used in the manufacture. The author 
shows that such odour is due to a small proportion of thiophenol. 
formed from particles of sodium benzenesulphonate which, during 
the fusion with alkali, escape contact with the latter and undergo 
deoxidation at the surface of the iron in the manner observed bv 
Stenhouse (A nnalcn, 1866. 140. 284 ; 1S69, 149. 42). The phenol 
mav be freed from this impurity by fusing it, adding a little alcohol 
to keep it liquid, and then adding, per kilo, of phenol, about 50 c.c. 
(more, if continued formation of precipitate shows it to he neces- 
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5 ary) of 10% alcoholic mercuric chloride solution. The excess of 
mercuric chloride is eliminated- by leaving the clear liquid for a 
couple of days in contact with copper turnings or foil ; the mercury 
deposited on the latter may be recovered by distillation. Frac- 
tional distillation of the decanted solution gives: (1) below 17.9°, 
water and alcohol, and (2) at 179 — 183°, pure phenol with its 
characteristic odour. T. H. P. 

Organic Salts of Bivalent Chromium. 6. Scagliarini 
(Jfri Aecad. Lined , 1918, [v], 27, ii, 87 — 89; Gazzetta , 1918, 
48, ii, 148 — 150). — The greyish-green salt obtained by Calcagni 
(A., 1913, i, 1154) either from chrome alum and sodium salicylate 
or from chromic hydroxide and salicylic acid, and regarded by him 
as a chromous compound, is probably a salt of tervalent chromium 
iu which also the phenolic hydroxyl groups take part in the salt- 
formation. All other chromous salts of organic acids, including 
those now described by the author, are red . 

Chromous salicylate , C 6 H 4 <^^^^Cr,3H.20, prepared by re- 
ducing chrome alum solution with zinc and hydrochloric acid and 
adding sodium salicylate solution free from air, forms small, red 
crystals, but rapidly oxidises and becomes greenish-grey in the air. 

Chromous propionate , 2(C 3 Hf,0A->Cr,H<>0, was also prepared and 
analysed, and the butyrate and valerate prepared. T. H, P. 

Nitro-2 : 4-phenylenedithioglycollic Acid and Some of 
its Colouring Derivatives. C. Finzi and N. Bottiglieri 
( Gazzetta , 1918, 48, ii, 113 — 122). — The authors have prepared 
the liitro-derivative of m-phenylenedithioglycollic [ro-phenylene- 
dithiolacetic] acid, and as this yields on reduction, not an amino- 
acid, but a ketothiazine derivative, the conclusion is drawn that 
the nitro-group enters the benzene nucleus in the ortho-position to 
one of the substituents. The sulphone corresponding with the 
intro-compound undergoes ring-closure on reduction still more 
easily, the resultant compound being quite analogous to Clausz’s 
sulphazone (A., 1912, i, 389), and being hence termed sulphazon- 
sulphonacetic acid. This acid has been coupled with various diazo- 
compounds, the derivatives thus obtained 
being of different colours and serving as sub- 
stantive dyestuffs for silk. 

4’Nitro-m-phenylenedithiolacetic acid (an- 
nexed formula), obtained from m-phenylene- 
dithiolacetic acid and nitric acid, forms 
slender, yellow needles, m. p. 174°. 

2-Keto-2 : 3-dihydrothiazine-Q -thiol acetic acid (annexed formula), 
obtained by reducing the previous com- 
S pound, forms tufts of silky, white 

CO H-CH */\/\nn needles, m. p. 210°; its sodium salt 
2 I | T 2 ( + 3H n O) was prepared and analysed. 

\/\/°° A-Nitro -in - vhenyleneduidnhonacetic 

NH acid, NO.,-C fi H 3 (SO,,-CH.,-CO,H^, pre- 

pared by the action of hydrogen per- 


\_/ 
CO.H'CH.'S NO. 
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oxide on the nitro-acid, forms long, white needles, m. p. 199 c 
(decomp.). On reduction with tin and hydrochloric acid, it 
yields 

Sulphazon-ftsulpkonacetic acid , 


so 2 

COjH-CHj wYV. 


\/\/' 

Nil 


V 


which forms white, mammillary masses of slender needles, m. p. 
219° (decomp.). 

p-Sulpk obenzcneaz osidplutzon- fa-sidph o nacelle acid, 


CO,H-CH 9 « 


/C-OH 

NH 


W , 


obtained by condensing the preceding acid with diazobenzene- 
sulphonic acid, forms small needles of the colour of chromic 
anhydride. At 40—50° in aqueous solution, it is fixed directly 
on silk, giving a brilliant orange-yellow colour stable against soap 
and light ; wool fixes it with more difficulty, but assumes a stable, 
yellow coloration. i-S ulpho nuphthale neazomlphazonace tic acid , 
S0 2 

CO s H • 0 H 1 ’80j. // | //X ' N I N / S0 3 H , 

X/\/C'°H >-\ ' 

NH \„/ 

dyes silk an old-gold yellow stable against soap and light. Salicylic- 
acid-p-azod i phe rn/l-p f -a zomdpha, zoii&it Iph on ace tic acid, 

S0 2 

oo s h , ch, , so/ / \ // ' x 'C-n:n-c.h ( -c 0 ii,*n:n/ Noh , 

\/\/ C, ° H CO s H 

NH 

forms a brownish-black colouring matter almost insoluble in water, 
and directly colours silk yellow with an olive-green tinge. 

T. H. P- 


4 -Aminoz 60 phthalii rAcid and its Derivatives. Rudolf 
Wegschbider, Hans Malle, Alfred Ehrlich, and Robebt 
Skutezky ( Monatsh 1918, 39, 375—417). — 4-Acetylaminoi’so- 
phthalic acid is conveniently prepared by oxidising 4 -aceto-w- 
xylidide with a boiling aqueous solution of calcium permanganate ; 
when rapidly heated, it becomes yellow at about 270°, melts at- 
295 — 296° (corr.; decomp.), immediately resolidifies, and then 
remains unchanged up to 350°; when slowly heated, decomposition 
frequently occurs without visible liquefaction, (The cc&chm salt 
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[4-3H 2 0] is described.) During the heating, one molecule of acid 
loses its acetyl group, and the residue reacts as an amine -with a 
second molecule of acid, yielding thereby A-keto-Z-phenyl-2-methyl- 
3 ; i-dihydroquinazoline-% : 2' : A.' -tricarboxylic and (annexed 

formula), m. p. 416° 
CO CQ 2 H (corr.), [ Ethyl ester, 

CO — / Vjo H m * P* l 0001 -) a ^ r 

^ 2 | I i \ / 2 sintering at 330°.] 

X/X.^^^ 0 The esters of 4-acetyl- 

bt aminoisophthalic acid were 

prepared by acetylation of 
the corresponding esters of the amino-acid : methyl A^acetyl- 
minoisophthalate has m. p. 125 — 126°; 1 -methyl Z-hydrogeti 
4 * acetylflminoisophthalate melts at 218 — 219°; the corresponding 
normal and acid ethyl esters have m. p.’s 109 — 110° and 

193-5 — 1945° respectively. Attempts to esterify the acetylamino- 
acid by methyl alcohol and mineral acids led, as in the case of 
acetylaminoterephthalic acid (Wegscheider and Faltis, A., 1912, 
i, 463) to the deacetylation of the acid. 

4-Ami noz'sophtha lie acid is most conveniently prepared from its 
acetyl derivative by esterifying the latter with methyl alcohol 
and mineral acid, and subsequent hydrolysis of the purified amino- 
ester so formed ; it has m. p. 336 — 337° (corr.; decomp.). The 
dimethyl and diethyl esters have m. p/s 131-5° and 79 — 80° re- 
spectively, whilst X-viethyl Z-hydrogcn A-aimnoisophthalate and the 
corresponding ethyl ester melt at 224 — 225° (decomp.) and 
216‘5 — 218°. The acid behaves contrary to the usual rule, since 
it yields the same ester by treatment with mineral acid and methyl 
alcohol and by half-hydrolysis of the normal ester. 

The methylation of the amino- and acetylamino-acids and their 
esters has been studied under varying conditions. 4 -Dimethyl- 
minohophthalic acid is most conveniently prepared by treatment 
of the corresponding dimethyl ester with methyl sulphate at 100° 
and hydrolysis of the ester (m. p. 70°) with alcoholic potassium 
hydroxide; its m. p. depends greatly on the mode of heating. The 
silver salt is described. Methylation of the free acid is very in- 
complete either by the action of methyl sulphate on the dry 
potassium salt in the presence of potassium hydroxide solution or 
in the presence of water and barium carbonate. The use of methyl 
iodide and potassium hydroxide does not lead to better results. 
4-Acetylaminowfophthalic acid is methylated with still greater 
difficulty, yielding small amounts of dimethylammo?'sophthalic acid. 
Methyl sulphate does not act on dimethyl 4-acetylaminowo- 
phthalate below 115°; at 120 — 124°, however, trimethyl A-lteto-Z- 
pke,nyI.-%+nethyl-Z : A -dihydroqirwm oli neS : 2 ; : 4 f -tricar h oxylate, 
m. p. 205 ’5°, is produced. 

4 -A ce tylm e. thylamiwohoph t Italic add is prepared by the action 
of methyl iodide on the sodium or, preferably, the potassium salt 
of dimethyl 4-acetylamino?scmlithalatc and subseauent hydrolysis 
with alcoholic potassium hydroxide solution; it forrps colourless 
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needles, the m. p. of which depends on the mode of heating, 
&-M ethylaminoisopfithalic acid has in. p. 297‘5 — 298 5° (corr.) after 
decomposition at 296° when placed in a bath preheated to 293°; 
the corresponding dimethyl ester melts at 115°. 1-Methyl 
3-hydrogen 4 - m e t h ylam inoisophthalate, m. p. 238 — 239° (decomp.), 
is obtained by the partial esterification of 4-methylaminoisophthalic 
acid with methyl alcohol and hydrogen chloride. H. W. 

Colour and Chemical Constitution. III. Derivatives of 
the Unknown op-phenolphthalein. James Mom (Trans. Roy. 
Soc. S. Africa , 1918, 7, 123—127. Compare A., 1917, ii, 349, 557). 
— The preparation and absorption spectra of a number of phthalein 
derivatives containing one hydroxyl group in the ortho- and a 
second in the para-position to the central carbon atom are 
described. Thus pheuol-p-cresol phthalein is obtained by heating 
a mixture of p-cresol and p-hydroxybenzoylbenzoic acid in the 
presence of zinc chloride. The following substances are prepared 
in a similar manner: op -phenolphthalevrirm-carhoxylic acid and 
its methyl ether , hydroxydiphenylphihalidecarboxylic add , 
m-amino-op-phenolphthalein, the corresponding m -methylamm- 
derivatives and its (o-carboxylic acid f m-phenyl-op-phenolphthalein, 
and m-nitro-op-phenolphthdem. Attempts to prepare op -phenol- 
phthalein by reduction of m-iodo-op-phcnolphthalein did not yield 
the desired result, and further work in this direction was aban- 
doned, since it was discovered that p-hydroxybenzoylbenzoic acid 
yields a phthalein-like substance when heated at above 200°, or at 
a lower temperature in the presence of concentrated sulphuric acid; 
this substance, which resembles phenolphthalein very closely, can 
also be obtained by heating phenolphthaleinoxime with a small 
quantity of sulphuric acid at above 200°, and it therefore appears 
probable that the so-called oxime is in reality the p-hydroxyanilide 
of p-hydroxybenzoylbcnzoic acid. 

It is possible to find a particular strength of alkali in which 
any phthalein gives a colourless solution in the cold, but 
which becomes coloured on heating to near the boiling point, and 
again fades on cooling and keeping. For ordinary phenolphthalein, 
the concentration of alkali is slightly above normal ; tetraiodo- 
phenol phthalein requires a much weaker alkali, whilst a-naphthol- 
phthalein requires about 2i\ 7 -alkali. 

Phenolphthalein-o-carboxylic acid is coloured faintly pink by 
ammonia and deep violet-pink by alkali hydroxide; as an indi- 
cator, it resembles th molphthalein, but has a more favourable 
colour. The corresponding dicarboxylic acid is useful in proving 
the presence of definite caustic alkalinity at about iV/100. 

W. 

Constitution of the Hydrazone of Benzaldehyde. J. 

Sureda Blanes (Anal. Fis. Quim 1918, 16, 707 — 718V — The 
author summarises the evidence for and against the cyclical fontrala 

of Curtius for the aliphatic di azo-compounds, as com- 
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pared with the lineal formula, RR’CIN-N, suggested by Angeli 
aQ d later by Thiele. 

The easy oxidation of hydrazones to diazo-compounds suggests 
the investigation of the constitution of the former substances. 
The hydrazone chosen for preliminary examination is that of benz- 
aldehyde, which on oxidation gives phenyldiazomethane. The 
alternative structures which may be assigned to benzaldehyde- 

hydrazone are : CHPh<^ ^ and CIIPhIN*NH 2 . 

The following reactions establish the latter formula : 

(1) Beuzaldehydehydrazone and phenylcarbimide, 

CHPh!N*NH 2 + CONPh = NHPh-CO-NH-NlCHPh. 

(2) Benzaldehydehydrazone and phenylthiocarbimide, 

CHPh!N*NH 3 + SCNPh=NHPh-CS*NH*NlCHPh. 

(3) Benzaldehydehydrazone and diphenylketen, 

CHPh:N ; NH 2 + CPh 2 :CO = CHPh 2 - CO-NH-N ICHPh . 

The product of the last reaction forms white crystals insoluble 
in alcohol, ether, or benzene, slightly soluble in light petroleum 
and glacial acetic acid, m. p. 196°. These reactions are incom- 
patible with the cyclical formula for benzaldehydehydrazone, and 
therefore the lineal formula must be assumed. W. S. M. 

Anilinoquinones. Hermann Buida and Wilhelm Suida 
(Annalen, 1918, 416, 113 — 163). — The generally accepted view 
that anilinoquinones are always formed by the transformation of 
an additive compound of the type 

N H 

into NHAr-C^i^. N H A r, with the removal of four atoms 

of hydrogen, which reduce two further molecules of the quinone, is 
found not to hold. In some cases, the reaction recognisably passes 
through the monoanilide. In the case of the simplest and most 
reactive components, monoanilides are smoothly formed in accord- 
ance with the equation 2C 6 H 4 0 2 + NH 2 Ar=C 6 H 3 0 2 *NHAr + 
C 6 H 4 (OH) 2 . The capacity of the group •CO‘CH!CH , Cd* to form 
anilino-compounds must be connected in some way with the struc- 
ture of the benzene nucleus, because maleic and fumaric esters and 
the cis- and tfrafw-modifications of dibenzoylethylene, in which this 
group occurs, do not react in this way with aromatic amines. 

Under the conditions of the authors’ experiments, the following 
generalisations have been made. ^-Benzoquinone in aqueous, 
faintly acetic acid solution yields with all pronouncedly basic 
primary and secondary aromatic amines anilinoquinones, pre- 
dominantly and even sometimes exclusively monoanilinoquinones. 
The intensity of the reaction diminishes as the basic character of 
the amine is weakened by the entrance of acidic substituents. 
Thus the strongest bases (aniline and its homologues, diamines, 
etc.) yield mono- and di-anilides simultaneously, the weaker bases 
(secondary amines, nit-roanilines, etc.) yield only monoanilides, 
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whilst the weakest bases do not react in aqueous solution. Tolu- 
quinone yields only monoanilides, and *-xyloquinone does not 
react, 

In alcoholic solution, p-benzoquinone forms only dianilides ; 
monoanilides are present in the mother liquor only when the basic 
component contains acidic substituents. Tolu- and naphtha- 
quinones yield only monoanilides, and s-xyloquinone none. 

The reactions also proceed in glacial acetic acid solution. There- 
fore by a suitable selection of the solvent and of the temperature 
it is possible to make a quinone react once or twice with an amine, 
or a monoanilinoquinone to react with a different base, producing 
a mixed dianilinoquinone. 

The following new derivatives of p-benzoquinone have been pre- 
pared : 5 ~anilino'2-a-napkthylamin o~, C^HjgChNg, yellowish -brown 
powder, m. p. 278 — 280°; 2-p -chloroanili?io- t sepia crystals, decomp, 
about 115°; 2 \5-di-p-cMoroanilino-j pale brown crystals; 2-o -tolu- 
idino- f dark violet-brown crystals, m. p. 100 — 104°; 2 : 5-di-o-toh- 
idino -, rust-red needles, m. p. 250 — 252°; 2-m-toluidino- } dark violet- 
brown crystals, m. p. 90 — 100° (decomp.); 2 : b-di-m-toluidino-, 
crimson-red needles, m. p. 256 — 257°; 2-p-ioluidino-, aggregates 
of violet-black needles, m. p. 134 — 137° (bath at 134°); 2:5-<&-p- 
toluidino-, crystals, m, p. 318°; 2-p-acetylamin-oanilino-, dark 
crystals; 2-as-m -xylidino-, reddish-brown crystals, m. p. 102°; 
2:b-di-&s-m~xylidino-, pale brown crystals, m. p. 297 — 300°; 
2 -ijr-cumidino-y brick-red crystals, m, p. 90 — 106°; 2:5 -di-tj;- 
cumidino-, pale red crystals, m. p. 301 — 303°; 2-o -aniridino-, 
brownish-violet leaflets with metallic lustre, m. p. 114° (not sharp). 

With the object of preparing monoanilides soluble in water, the 
aminobenzenesulphonie acids have been utilised. These do not 
react satisfactorily with p-benzoquinone, hut give good results with 
the less reactive 2 : G-dichloro- 7 >-benzoqumone. By adding to a 
hot alcoholic solution of this a hot aqueous solution of sulphanilic 
acid (1 mol.), and subsequently an aqueous solution of sodium 
acetate (1 mol.), and then barium chloride, barium. 2:&~dicMoro- 
5 -anil in o-p-be n z oquinone-p f -sidph onate, 

(C 6 HCl 2 0 2 »NH*C 6 H 4 ’SO s ) 2 Ba, 

copper-red leaflets, is obtained, the mother liquor containing 
2 : 6-dichloroquinol. If the temperature is about 60° at the 
beginning and about 30° at the end of the experiment, the pro- 
duct is mainly the barium hydrogen salt. An aqueous solution of 
the barium salt at 100° rapidly acquires chlorine ions and deposits 
a blackish -brown powder, which appears to be the barium i salt of 
< 2'Chlaro-5-psulphoaMlmo-§-hydroxy-p-benzoquinone. By adding 
sulphanilic acid to a hot aqueous solution of the first-mentioned 
barium salt, the barium hydrogen salt of 6 -chloro-2 : 5 -dianilino-p' 
benzoquinout-p’pH-diml'phonic acid is obtained as a brownish-black 
powder. 

2-3/ ethtflanilino-p- b enzoquinone, CyT/VNMePh, prepared by 
adding a cold 50% acetic acid solution of methylaniline (1 mol.) to 
an aqueous solution of p-benzoquinone (2 mols.), forms dark red 
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needles, m. p. 125 — 130°. 2 : O-Dimethylanilino-p-bemoquinone, 
leaflets, m. p, 205°, is obtained from its components in alcoholic 
solution. 

2-MethyIanilino-p-benzoquinone, like all other monoanilino- 
quinones of the same type, yields mixed dianilinoquinones by tri- 
turation with an aromatic base or by warming with it in alcoholic 
solution. The following 2-methylanilino-p-benzoquinones of this 
kind have been prepared; 5 -anilino-, NMePh'C 6 Ho0 2 *NHPh, 
orange-red crystals; b-p-mrb oxy anilino-, dark red leaflets; 
5 \-m-carboxy anilino-, brownish-red crystals; 5-m -chloroawilino-, 
garnet-red needles; 5-o -hydroxy anilino-, brown leaflets; 5-m -hydr- 
oxy anilino-, brownish-yellow, metallic crystals; 5-p- b ro-moamlino-, 
red crystals; b-p-sulphoamlino- , prepared in the presence of sodium 
carbonate and 3% hydrogen peroxide, and isolated as the sodium 
salt; o-a-rn iphthylamino- , dark brown crystals; b-fi-naphthylamino-, 
dark violehbrown crystals; 5-p -benzeneazoanilino-, violet-brown 
crystals. 

2-Methylanilino-p-beuzoquinone (2 mols.) and p-phenylenedi- 
amine (1 mol.) react in boiling alcohol to form a substance , 
brownish-green crystals, probably 

(NMePh;C 6 H 2 O 2 *NH) 0 CeH 4 , 

whilst in the ratio of 4:1, in alcohol, glacial acetic acid or nitro- 
benzene, or by moistening the mixture of the two components with 
a little solvent and wanning on the water-bath, a dark green, 
crystalline substance , [(NMePh* C 6 H 2 0 2 ) 2 N] 2 C 6 H 4 , is obtained, 
m. p. 250 — 260°. 

2-Methylanilino-^benzoquinone and benzidine react in warm 
alcohol to form the compound-, 

N MePh ♦ C 6 H 2 <V NH ♦ C r ,H 4 • C 6 H 4 ‘NIL,, 
brown needles, m. p. 215 — 218°, which is converted by ehloranil in 
glacial acetic acid solution into the substance, 

C,ClA(NH*C fl H t -C 6 H^NH*C 6 H 2 0 2 *NMePh) 2 , 
crystals. 2-Methyl-p-toluidino-p-benzoquinone and p-phenylene- 
diamine in hot alcoholic solution yield a dark green substance, 
probably (C 7 H 7 ’NMe*C fi H 2 0 2 *NH),C n H 4 . 

2-Ethylamlmo-p-benzoquinone forms dark needles, m. p. 85° 
with previous sintering. 2-BenzylanUiw4)-p-be.nzoqninonc forms 
almost black needles, m. p. 60 — 70°, whilst 2:5-dibenzvlarviHno- 
V-benzoquinone, C i ,H 2 O n (NPh*CH,Ph) 2 , crystallises in blood-red 
needles, m. p. 155 — 156°. I-M ethyl-p-toluidino-Ti-b en zoqiiinone 
forms reddish-yellow needles, m. p. 127°, and 2 :5-dimetki/l-p- 
tolvidino-'p-bemoquinone, yellowish -brown, rhombic plates, m. p. 
206°. 2-o -U ydroxyme t-hvlandino-ry-b t f> zoqvinone, 
OH.aH,-NMe-C«H a O ? , 

and 2:^-di-q-hvdroxym,e.thylanilin-o-v-benzoqifino?ie are described. 

A table is given of the colorations of the anilinoquinones in 
concentrated sulphuric acid. C. S. 

Polymerisation Phenomena in the Simple Wonoanibno- 
henzotrainones. Hermann Suida (Annalen, 1918, 416, 

164—181. Compare preceding abstract). — The monoanilinoquin- 
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ones derived from primary bases are only stable in the pure dry 
state; they polymerise in solution. Dianilinoquinones, and also 
monoanilinoquinones derived from secondary bases, show n 0 
tendency to polymerise. The polymerisation is probably repre- 
sented thus: 2C 6 H s 0 3 *NHAr -> C fi H 3 0 2 *NArC c H 2 (0H),*NHAr ; 
the dimeric meriquinonoid form produced can undergo further 
polymerisation. The polymerisation is brought about by heating 
the monoanilinoquinone at its m. p., by heating with water or 
dilute acetic acid, by prolonged boiling with alcohol, or by exposing 
its cold alcoholic solution to intense light. Thus 2'j^toluidino-^ 
benzoquinone yields the dimeride, (CjjH^OgN)^, m. p, 265 — -267° 
(in carbon dioxide), from which by reduction with alcoholic 
stannous chloride is produced the quinol , 

C,H s (OH)o-N(C 7 H-)-C,H 2 (OH),-NH»C 7 H 7f 
pale yellow crystals, m. p. 236 — 237° (in carbon dioxide). Dimeric 
p - £ olnidin o-p -benzo (fuinone , CgHgC^’N (C 7 H 7 ) ’C^HyOg’NH'C^H., 

produced by auto-oxidation by boiling the dimeric meriquinone in 
glacial acetic acid or nitrobenzene, forms violet-black crystals with 
green lustre, which remain unchanged at 400°; the oxidation is 
also effected by ferric chloride in dilute alcoholic solution. 

C. S. 

Anilinoquinones from Benzoquinone and the Nitro- 
anilines . Guido Meyer and Hermann Suida (Aiinalen, 
1918, 416, 181 — 188). — The nitroanilines do not react as 

easily as aniline with benzoquinone. In cold aqueous solution, 
a reaction between the nitroanilines and ^benzoquinone j s 0D ]y 
observed when the nitroaniline is used in the form of its hydro- 
chloride in the presence of an excess of hydrochloric acid ; in all 
three cases, reddish-brown, crystalline additive compounds separate 
after some hours, but if kept in contact with the mother liquor 
for several weeks change into the mononitroanilino-p-benzoquinones. 
The latter are obtained immediately from the nitroanilines and 
p-benzoquinone in boiling aqueous solution. 2-m-Nitroanilino^- 
benzoquinme and the p-wVro-compound are daik brown and do 
not crystallise well. The o-witro-coinpound is less readily obtained. 
All three, compounds have indefinite m, p.’s between 290° and 
300°, and develop with sulphuric acid a reddish-violet coloration, 
which turns blue on warming. 

In cold alcoholic solution, a reaction occurs only between 
m -nitroaniline and ^-benzoquinone, whereby the additive com- 
pound is formed. In hot alcoholic or, better, hot glacial acetic 
acid solution, the 2: o-dinitroanilino-'g-benzoquinones , decomp. 
310 — 360°, are obtained. 

The nitroanilino- and dinitroanilino-p-benzoquinones are not 
attacked by mild reducing agents. Tin and hydrochloric acid con- 
vert the latter into phenylenediamiues and arninoanilinoquinols, 
which could not be isolated. p-Nitroanilinobenzoquinone was 
reduced by tin and hydrochloric acid to a base, which was isolated 
as the sulphate, C 6 H 3 (OH) 2 ‘NH> CgH^NH^SH^SO,!, prismatic 
needles; the base itself could not be isolated. C. S. 
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Action of the Isomeric Chloromethylanilines on Benzo- 
attd Tolu quinones. Hkinricu Teutscher (Annalen, 1918, 416, 
1S9 — 202. Compare Suida and Suida, this vol., i, 79).— The 
chloromethylanilines in aqueous, faintly acetic acid solution yield 
exclusively monoanilinoquinones with p-henzo- and tolu-quinones; 
as usual, a second molecule of the quinone is reduced to the quinol. 
Additive products could not be isolated, although they are un- 
doubtedly formed. In alcoholic solution, p-benzoquinoue yields 
dianihnoquinones, whilst toluquinone yields only the monoaniliuo- 
ijuinone; here again evidence (colour change) has been obtained of 
the intermediate formation of additive compounds. Toluquinone, 
being a weaker oxidising agent than p-benzoquinone, reacts more 
slowly with the aromatic bases. Of these, o-chloromethylaniline 
reacts most slowly and the p-com pound most rapidly. 

2-y-Chlorome thylanilin o-p- b enzoquhwne, C c H 3 0 2 ’NMe* C a H 4 Cl, is 
a dark red, crystalline powder, m. p. 145°, the m-cA7oro-corapound 
a reddish-brown powder, m. p. 127°, sintering at 120°, and the 
o-cA/oro-compound crystallises in pale red needles, m. p. 133° 
(decomp.), sintering at 60°. 4-p-C hloromethylanilino tolu quinm e 
forms a dark red, crystalline powder with metallic lustre, m. p. 
156° (from aqueous solution), and dark red needles, m. p. 184° 
(decomp.) (from alcoholic solution), and the o-cA/oro-compound red 
leaflets with metallic lustre, m. p. 146° (decomp.). 

2 : 5 -Di-pchlorome t hylamUn o-y-he n zoqv.r none forms deep bronze 
leaflets with metallic lustre, m. p. 223°, the m-cA7oro-compound, 
deep yellow leaflets, m. p. 198°, and the o-oAforo-compound, 
reddish-bronze leaflets with metallic lustre, m. p. 258°. 

2:5-Zh‘-2 / li^ichloromethylaniUno-'p-benzoguinone, which re- 
quires the presence of hydrogen peroxide for its quick preparation, 
forms brick-red leaflets, m. p. 240°. C. S. 

Citronellol. H. J. Prins (Chem. Weekblad , 1918, 15, 
1378 — 1380).— Distillation of citronellol yields two fractions, one 
with b. p. 217 — 219° and the other with b. p. 219 — 221°. The 
liquids probably contain isomerides, but these cannot be separated 
by fractionation. 

When free from geraniol and other substances, but containing 
these isomerides, citronellol of maximum purity should have 
D 10 0*867 — 0*869, and its index of refraction should be 
»? 1 4586 — 1*4589. A. J. W. 


Constituents of Oil of Cassia. II. Francis D. Dodge (J Ind. 
kng. Chem ., 1918, 10, 1005 — 1006. Compare A., 1916, i, 155). — 
Oil of cassia was found to contain cinnamaldehyde (75 to 90%), 
ci ii n amyl acetate, phenylpropyl acetate ( ?), o-methoxycinnam- 
aldehyde, salicylaldehyde (0-1 to 0’2%), coumarin, benzoic acid, 
salicylic acid, an unidentified liquid acid, benzaldehyde, and 
o-methoxybenzaldehyde. [See, further, J. Soc, Chem. Ind., 1919.] 

W. P. S. 
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Constitution of Substances from Guaiacum Resin, 

G, Schroeter, L. Lichtenstadt, and D. Irineu ( Ber 1918, 51, 
1587—1613) .—The milk test with extract of guaiacum resin ia not 
entirely satisfactory, since it depends on the quality of the extract. 
Before examining the chemistry of the blue compound, it is neces- 
sary to determine the structure of the substance (or substances) in 
the resin which produces it. 

The two substances of unknown constitution obtained by the 
dry distillation of guaiacum resin are guaiene and pyroguaiacin. 
The latter is known to be a hydroxymethoxy-derivative of the 
former (Herzig and Schifl, A., 1897, i, 254; 1898, i, 327, 530). 
Guaiene is now proved to be 2 : 3-dimethylnaphthalene by synthesis, 
fi-Pkenylisopropyl bromide, CH 2 Ph*CHMeBr, b. p. 107 — 109°/ 
■16 mm., D lM 1*2908, obtained from the alcohol and hydrobromic 
acid (saturated at 0°) at 100°, reacts with ethyl malonate and 
alcoholic sodium ethoxide on the water-bath to form ethyl $-phtnyl- 
iso rpropylmalonate, CH^Ph^CHMe'CH^OgEt)^, b. p. 182 — 183°/ 
14 mm!. D 16 * 4 1*0673. This is converted in the usual manner into 
ethyl $~phenylisopropylm,ethyhnalonaie , b. p. 188°/16 mm., 
D 18 ' 4 1*0505, which yields tlie add, C 13 H lft 0 4 . colourless crystals. 
m. p. 158—160° (decomp.), bv hydrolysis. The acid, heated at 
170—490°, yields y~phenyl~afS-dimethylbutyric acid, 
CHnPh'CHMe-CHMe-C0 2 n, 

} ). p. 179 — 180*5°/ 13 mm., the acid chloride of which, b. p. 
136— 143°/ 13 mm., is converted in light petroleum (b. p. 60—70°) 
by aluminium chloride into 1 -keto- 2 : 3-dimethyHl - 2 : 3 : 4 -Utra- 
hydronaphthcUene, b. p. 148 — 150°/17 mm., in. p. -1°, D 21 1*019. 
This is reduced by sodium and alcohol to 2:3 -dimethyltetrahydro- 
naphthol , m. p. 110—114°, b. p. 148 — -152°/18 mm., which loses 
water at above 200° and yields 2 '.^-dimethyl- S-dikydronaph thalen e, 
b. p. 12G— 140°/16 mm., the dibromide of which is converted by 
boiling methyl-alcoholic potassium hydroxide into 2 : 3-dimetliyl- 
naphthalene> m. p. 104 — 104*5° (picrate, m. p. 123 — 124°), which 
is identical with guaiene. 

Pyroguaiacin is converted by boiling alcoholic potassium hydr- 
oxide and methvl sulphate into pyroguaiacin methyl ether, 
C l9 H 10 (OMe) ? , leaflets, m. p. 149—150°, the oxidation of which by 
sodium dichromate and glacial acetic acid at 95 — 115° yields pyro- 
qvaiacinquinone methyl ether , yellow needles, m. p- 

241 — 242°. For reasons given below, pyroguaiacin is almost 
certainly 6-hydroxy-7-methoxy-2: 3-dimethylnaphthalene. 

Guaiaretic acid, thr, ‘extraction of which from guaiacum resin 
by ether is described in detail, has the formula C 9 nH 5 j 04 (Herzig 
and Sehiff, he. cit .. give C^H^0 4 ), and is now found to be optic- 
ally active, [alp -94° in alcohol, and unsaturated. It is converted 
by methyl sulnhate and hot aoupons-alcoholic potassium hydroxide 
into a methyl ether , CipH-^OMeV, colourless needles, m. p- 
94 _ 95 ° [alp —92° in alcohol, which is reduced by sodium and 
boiling* alcohol or in solution in tetrahydronaphthalene at 180° by 
hydrogen and a nickel catalyst under a pressure of 40 — 50 kilog. 
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to hydroguaiaretic acid methyl ether , C 13 H lg (OMe) 4 ; in both cases 
a mixture of the i-acid, crystals, m. p. 100 — 101°, and the /-acid, 
flat prisms, m. p. 86 — 87°, [a] D —27° in alcohol, is obtained. 

Herzig and Schiff’s norguaiaretic acid (loc. cit.) } obtained in 
poor yield from guaiaretic acid and boiling hydriodic acid, is 
obtained in much better yield from hydroguaiaretic acid methyl 
ether, and is reconverted into this by methylation ; it is therefore 
n orhydroguaiare tic acid. 

i-Dibromohydroguaiaretic acid methyl ether , C 18 H 16 Br 2 (OMe) 4 , 
colourless needles, m. p. 130*5 — 131*5°, is obtained by the bromin- 
ation of /-hydroguaiaretic acid methyl ether or guaiaretic acid 
methyl ether in glacial acetic acid, dehydroguaiaretic acid methyl 
ether (below) being also formed in the latter case. X-Dibromo- 
h ydroguaiaretic acid methyl ether , colourless crystals, m. p. 
121—122°, [a] ? - 42° in alcohol, is obtained by brominating 
/-hydroguaiaretic acid methyl ether. 

\-Dinitro hydroguaiaretic acid methyl ether , ^i8^i6(N 0 2 ) 2 (OMe) 4 , 
yellow crystals, m. p. 150 — 151°, obtained by adding nitric acid, 
D 1*4, to i-hydroguaiaretic acid methyl ether or guaiaretic acid 
methyl ether in glacial acetic acid solution, is smoothly reduced in 
ietrahydronaphthalene solution by hydrogen and nickel to 
i -diaminohydroguaiaretic acid methyl ether, - faintly violet needles, 
m. p. 124 — 125°; attempts to resolve this base by means of 
^/-tartaric acid were unsuccessful. X-Dinitrohydroguaiaretic acid 
methyl ether, yellow crystals, m. p. 122 — 123°, [a] D -49‘5° in 
glacial acetic acid, is obtained by the nitration of /-hydroguaiaretic 
acid methyl ether. 

The reduction of /-guaiaretic acid and of its methyl ether yields 
a mixture of optically active and inactive hydro-derivatives^ and 
therefore possibly racemisation has occurred. Since it is shown, 
however, that the hydro-derivatives racemise with great difficulty, 
an alternative explanation of the formation of the inactive modifi- 
cation is that a second carbon atom is rendered asymmetric by the 
reduction, the inactive hydro-derivative being internally compen- 
sated. In favour of the symmetric structure thus postulated is 
the formation of the probably symmetrically substituted dibromo- 
and dinitro-derivatives and the failure to resolve the diamino- 
der^vative. Hydroguaiaretic acid methyl ether would therefore 
be c3-diveratrvl-/3y-dimethylbutane, 

C 6 H a (OMe) 2 -CH 2 ‘CHMe»CHMe*CH 2 *C fi H 3 (OMe) 2 , 
and guaiaretic acid methyl ether would have the formula 
C 6 H 3 (OMeVCH:CMe‘CHMe-CH 2 *C 6 H s (OMe) 2 , 
the positions of the two methyl groups being determined by the 
fact that guaiaretic acid can be converted through pyroguaiacin 
mto guaiene (2 : 3-dimethylnaphthalene). 

An extraordinary transformation of guaiaretic acid methyl ether 
is its reduction ' to hydroguaiaretic acid methyl ether by potassium 
permanganate in acetone-glacial acetic acid solution, veratric acid 
, ei ?£ f° rn md. The explanation is found in the action of 

ubls iodine solution on guaiaretic acid methyl ether (1 mol.), 
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whereby a mixture of fhydroguaiaretic acid methyl ether 
dehydrog uaiare tic acid methyl ether, colourless crystal^ 

m. p. 178*5 — 179°, optically inactive, is obtained in the proportion* 
of 1:2 by the consumption of 1 mol. of iodine. This change h 
represented by the equation 
3C 0 H 5 (OMe) 9 -CH:CMe*CHMe*CH 2 -C 6 H 3 (OMe) 2 - 

C 6 H 3 (OMeVCHo-CHMe*CHMe*CH 2 -C & H 8 (OMe) 2 + 

, ^,CH= CMe „ 

2C 8 H,(OMe) s < ( ., (C ^Hj OMc ] ) ) ; ^ Mo + 6H. 

It is probable, therefore, that in the preceding reaction villi 
potassium permanganate, a portion of the guaiaretic acid methyl 
ether undergoes ring closure to a naphthalene derivative (which n 
then oxidised, yielding verairic acid and other products), the 
hydrogen produced reducing another portion to hydroguaiaretic 
acid methyl ether, which is stable towards permanganate. 

By treatment with 2*V-sodium hydroxide and methyl sulphate, 
guaiaconic acid yields a methyl ether, an amorphous, yellow 
powder, m. p. 94 — 102°, softening at 82°, which, unlike guaiaconic 
acid, does not develop a blue colour with lead peroxide. By oxida- 
tion with potassium permanganate in acetone-glacial acetic acid 
solution, the ether yields a comparatively large amount of veratrie 
acid and other products, which were not identified. 

Believing at first that guaiene was 1 : 2-dim ethyl naphthalene, the 
authors synthesised this substance as follows. By treatment of 
their sodio-derivatives with methyl iodide in warm benzene, the 
/L phenyl ethylmalonie esters yield, respectively, methyl & -phenyl 
etkylmethylmahnate , b. p. 178 — 180°/ 18 mm., and the ethyl ester, 
b. p. 182 — 184°/ 12 mm., from which Bphenylethylmethyhnalomc 
acid, colourless crystals, m. p. 150° (decomp.), is obtained. At 
150 — 180°, the acid is converted into y-’phenyUa-mxt hylb uU/rie 
acid , b. p. 167°/ 11 mm., the acid chloride of which, b. p. 
125°/ 12 mm., is converted in light petroleum solution by 
aluminium chloride into l-Jceto-2-m ethyl-1 :2 :Z:&-tetrahydro- 
naphthalene, b. p. 127 — 131°/12 mm. This is converted by 
ethereal magnesium methvl iodide into \~hydro.ry-l :2dmethyl 
l:2:3:A-tetrahi/dronaphthaJene, b. p. 1.35 — 140°/ 15 mm., m. p. 
64 — 66°, which at 160 — 180° yields 1:2 -dimethyl-^dikydru 
navhtkahnc , b. n. 250— 251° /atm. or 114 — 11 6°/15 mu.. 
D 17 O' 9885, n n 1*5763. The dibromdc of the latter, a pale yellow 
oil, is converted by boiling methyl-alcoholic potassium hydroxide 
into 2-m ethvlA. - met A ylc.n <i - tf-di h ydronanhth afene, b. p. 157° 
15 mm., which yields 1:2 -dimethvlnapkthalene, b. p. 139—140° 
15 mm. ( picrote , oranye-red crystals, in. p. 129*5 — 130*5 D ), by 
boiling with glacial acetic acid containing hydrogen chloride. 

C. 8. 

Classification of Organic Colouring Matters. M, 

Dominik'iewicz (Ghem. Zeit., 1918, 42, 549 — 550, 562 — 564).— 
Tn the method of classification proposed, the substances are 
arranged under chief types depending on the constitution of th® 
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nucleus, these types being subdivided into classes. Tbe types 
include tbe quinone type, tbe diphenylmethane type, tbe safranine 
type, tbe indigo type, etc. Sulphur derivatives and substances of 
unknown constitution form two separate classes. W. P. S. 

Tannin and the Synthesis of Similar Substances. V. 

Emil Fischer and Max Bergmann ( Ber. t 1918, 51, 1760—1804. 
Compare A., 1912, i, 471, 887; 1913, i, 479; 1915, i, 437).— 
previous attempts to prepare pentadigalloylglucose did not lead to 
the desired result, owing to the unfavourable properties of the 
methylcarbonato-compounds. Recently, however, it has been found 
possible to prepare the penta-acetyl derivatives of in- and p-digallic 
acids and the corresponding chlorides in the crystalline state (A., 
1918, i, 172); from these, the penta-(penta-acetyldigalloyl)-glucoses 
have now been prepared, as well as tbe corresponding penta- 
(digalloyl)-glucoses. Penta-(m-digalloyl)-j8-gIucose is shown to bo 
remarkably similar to Chinese tannin, the only point of difference 
noted being in the specific rotation in aqueous solution. Since, 
however, the solutions are colloidal in character and their optical 
activity is greatly influenced by small factors, the authors do not 
consider the discrepancy is necessarily fundamental. 

The chemistry of the pentagallovlglucoses has been further 
studied (compare A., 1915, i, 437), and, through the triacetyl- 
galloyl derivatives, it has now been found possible to isolate pro- 
ducts which consist almost entirely of the pentagalloyl derivatives 
of a - and j3-glucose respectively. 

The preparation of l-galloylglucose, 

c e H 2( OH )3 ,co '0*CH^H(OH)-CH(OH)-CH-CH(OIl)‘CH 2 -OH 
— 0 •' 

is also described, this being the first acyl derivative of glucose to 
which a definite structure can be with certainty assigned. It is 
in all respects identical with the glucogallin isolated by Gilson from 
Chinese rhubarb (A., 1903, i, 355). 

P enta-ace tyl-m-digalloyl \pe nta-autloxy-m-be nzoyloxy b enzoyl] 

chloride , C 6 H 2 (OAc) 3 *CO-0‘C c H 2 (OAc).>*COCl ? six-sided plates, 
m. p. 180° (corr.), after slight previous softening, is obtained by 
the action of phosphorus pentaehloride on m-digallic acid in the 
presence of chloroform, and is converted by methyl alcohol in the 
presence of quinoline into methyl penta-acetyl-wi-digallate, in. p. 
167—168° (corr.) (compare A., 1918, i, 174). It reacts with 
0-glucose to yield pent(^(penta-acetyl-m-digalloyl)-^-gkiCosc, 
[C 6 H 2 (0Ac) s -C0-0-C 6 H 2 (0Ac) 2 -C0]AH 7 0 6 , 
two specimens of which had [a]& + 3*79° and [a]^+2‘60 o iu 
s-tetrachloroethane. [Penta- (pent a-acetyl-p-digalloyl)-$- glucose is 

obtained in a similar manner; it has [a]f +1*54° (in s-tetrachloro- 
ethane), and resembles the m - derivative so closely that an 
analytical distinction is almost impossible.] Pentar(m-digalloyl)- 
fi-glucose is prepared by deacetylation of the acetyl derivative with 
cold aqueous sodium hydroxide at 0°, and is purified by means of 
the potassium salt; according to tbe method of separation, it forms 
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a pale brown, light, amorphous powder, or a compact, honey-yellow 
brittle mass. When hydrolysed by dilute sulphuric acid, it gives 
approximately the same amount of dextrose and gallic acid as 
does Chinese tannin. When treated with diazomethane, it yields 
penta-(pentamethyldigalloyl)-glucose, which, like ftie earlie^ p re , 
parations, is not perfectly uniform, but which shows a very close 
analogy with the methyl derivative of the natural Chinese tannin. 
Reacetylation of penta-(wi-digalloyl)-j3-glucose shows that a certain 
amount of change (possibly isomerisation of the j8-glucose to 
a-glucose derivative) occurs either during hydrolysis or on treat- 
ment with acetic anhydride. 

Pentar(perita^cetyl-m-digalloyl)-a.-gluco$e is prepared in the 
same manner as the ^-derivative; individual preparations had 
[a] D +30*8°, +27-7°, and' +25*5° (in s-tetrachloroethane), point- 
ing to admixture with varying amounts of the /3-isomeride. [The 
corresponding penta-(penia-acetijl-p-digalloyl)-arglucose shows the 
closest analogy with the jS-compound] Penlar(m-digalloyl)-z- 
glucose is a pale brown, amorphous powder which can only he dis- 
tinguished from the ^-glucose derivative by its specific rotation; 
it has [aJ, 6 + 43‘8° (in water), [aJo+35-8 0 (in alcohol), and 
[ojo +40*1° (in acetone). 

Acetylation of Chinese tannin yields a penta-(penta-acetyldi- 
galloyI)-glucose closely similar to penta-(penta-acetyl-7fl-digalloyl)- 
j8-glucose; the regenerated tannin, however, is found to differ some- 
what from the original specimen. 

Penta-(triacetylgaUoyl)-a-glucose, [C 6 H 2 (0Ac) s 'C0l 5 C 6 H 7 0 6 , is 
prepared in the usual manner from a-glucose and triacetylgalloyl- 
chloride; it forms an amorphous mass, having [a] D +42*7° to 
+ 46*95° in $-tetrachloroethane. Deacetylation is accomplished by 
means of sodium acetate in aqueous acetone solution; the penta- 
galloyl-a-glucose thus obtained is distinguished from the previous 
preparation (by hydrolysis of penta-ftrimethylcarbonat-ogalloylj-a- 
glucose by alkali) by a considerably higher specific rotation in 
aqueous and alcoholic solution, but otherwise the resemblance is 
very close. On treatment with acetic anhydride, the original 
acetyl derivative is regenerated. Diazomethane converts it into 
pent a-(trim e thyl galloyl ) -a-gl u cose, identical with that previously 
described (loc. cit.). 

Penta- ( triace tylgalloyl)-fi- glucose is a pale yellow, amorphous 
mass which has [a|®+5‘61° or +41° in s-tetrachloroethane ; when 
deacetylated, it yields pentagalloyl-0-glucose, having [a]o +23*3° 
(in alcohol), [a]? +lf/6° and +13’1° in 10% and 1% aqueous 
solution. When treated with diazomethane, it gives a penta-(tri- 
methylgalloyl) -/8-glucose which, in its properties and optical 
activity, closely resembles the preparation previously described 
(A., 191E), i, 438), hut which, unlike the latter, could not be caused 
to .crystallise. Reacetylation yields a product closely resembling 
the original substance. Hydrolysis of the two penta-(triacetyl- 
galloyl)-glucoses by alkali at 0° yields a- and ^-derivatives re- 
spectively, which are quite distinct, although less so than when 
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sodium acetate is used. (In the case of the corresponding methyl- 
carbonato-compounds, practically identical products were obtained 
when the hydrolysis was effected by alkali at the ordinary tempera- 
ture.) 

Pentar^ettxybcnzoyiya-glucose, [C a H 4 (OAc)-CO] 5 C c H 7 O e , 
forint fine needles, m. p. 158— 159° (corr.), [«JJ + 1247° in s-tetra- 
chloroethane ; during the preparation, considerable quantities of 
the j8-isomeride are formed, which are removed during purification. 
The corresponding penta- (p-hydroxybenzoy 1) - a-glucose could not 
be caused to crystallise, but the specific rotation of the product 
( -I- 163-4° in alcohol) was considerably greater than that previously 
found; on reacetylation, it yielded the crystalline acetyl derivative 
in excellent yield. The preparation of pentct-feacetoxybemoyiy 
JB- glucose and of penta-(jp-hy dr oxybenzoyl)-fi- glucose is also 
described, but the substances could not be caused to crystallise, and 
are probably admixed with the corresponding a-derivatives. 

\-TriacetylgaMoyl-2 : 3 : 5 : Q-tetra-acetylglucose is prepared from 
acetobromoglucose and silver triacetyl gall ate; it forms microscopic 
needles or four-sided leaflets, m. p. 125—126° (corr.), after slight 
softening, [a]S-24*4° in s-tetraehloroethane. It may also be 
obtained from tetra-acetylglucose and triacetylgalloyl chloride. 
When dissolved in alcohol and treated with ammonia at 20°, it 
yields l-monogalloyl-£-glucose, microscopic, oblique prisms or plate- 
lets, m. p. 214 — 215° (corr.; decomp.), when rapidly heated, 
202—203° (corr.; decomp.) when slowly heated; it has [a^-25'6 0 
in aqueous solution. The product is quite distinct from the gluco- 
gallic acid described by Feist (A., 1912, i, 566, 888; 1913, i, 70). 
When reacetylated, it yields triacetylgalloyltetra-acetylglucose. 
Its action towards enzymes has been investigated. Its identity 
with glucogallin is established both by chemical tests and by 
measurement of the crystals. l-Galloyl-fi-glucosemonoacetate 
forms colourless needles, [a]]? + 10*5° (in alcohol); it has no dis- 
tinct m. p., but, when rapidly heated, is converted into a viscous, 
turbid liquid at about 150° after marked softening. 1-GaUoyl-p- 
glucosetetraracetate (?) crystallises in needles, m. p. about 
136—137°, [a] D q- 38 '7° (in alcohol), but its isolation in the pure 
condition is not claimed. 

l-Benzoyltetra-aeetylglucose is prepared from benzoyl chloride 
and 2:3:5: 6-tetra-acetylglucose, and agrees in its properties with 
the product described by Zemplen and Laszlo (A., 1915, i, 651) 
except in specific rotation ([ag -26-6° in chloroform), l-o -Acet- 
ojcybenzoyl~2:3:5 : ^tetra-acetylglucose crystallises in microscopic, 
flat prisms. It has m. p. 116—117° (corr.), [a^-41*0° in s-tetra- 
chloroethane. jj ^ 

Structure of /3-Glucosidogallic Acid. Emil Fischer 
and Max Bergmann ( Ber ., 1918, 51, 1804—1808).— The work of 
an( ^ Strauss (A., 1913, i, 180) has led to the supposition 
lb ^‘^ Ucos *dogallic acid contains the sugar residue attached to 

e p-hydroxyl group of gallic acid ; this hypothesis is confirmed by 
lts version into ghcosyringic acid (Mauthner, A., 1910, i, 667). 
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Ethyl tetra-acetylglucosidogallate is converted by diazometliane 
into ethyl tetra-acetylglucosyringate, from which glucosyringic acid 
is obtained by hydrolysis with barium hydroxide; the free acid 
has m. p. about 225° (decomp.) when moderately rapidly heated 
and — 18*1 8° (as sodium salt) in water. 

Ethyl triacetylgallate has m. p. 138^-1 39° (eorr.) instead of 
132—134° (A., 1915, i, 683). 

Ethyl hexa-acetylglucosidogaUate has m p. 176 — 177° (corr.), 
[a]j> -19*0° in tetrachloroethane solution. H. W. 


Digitalis Substances. XXXVUI. H. Kiliani (Ber., 
1918, 51 , 1613—1639. Compare A., 1916, i, 493).— The pre- 
liminary crystallisation from 85% alcohol is unnecessary in order 
to separate the digitonin from the gitonin in “crude digitonin 
amylate” ( Ber., 1916, 49 , 701). It suffices to dissolve the crude 
amylate in ten parts of boiling 50% alcohol; on cooling, gitonin 
material separates first and pure digitonin subsequently. 

A sample of “ soluble digitonin *’ supplied by Merck proved to 
be identical with a new glucoside obtained from the final mother 
liquor of the crude digitonin (loc. rit.). 

The sugar syrup previously obtained ( loc . cit .) could not be made 
to crystallise, because the sugars in the syrup, which had been 
produced, in an alcoholic medium, are present chiefly in the form 
of ethyl glucosides. After a second hydrolysis with hydrochloric 
acid, a partial crystallisation can be effected, and (/-galactose 
obtained by inoculation; dextrose, identified as (/-gluconic acid, is 
present, and apparently also a third sugar, a ketose, since the 
syrup is shown to contain oxalic and glycollic acids. (The hydro- 
chloric acid was removed by silver oxide, and it is known that 
silver oxide acts on hexoses, particularly keto-hexoses, to produce 
these two acids.) 

During the conversion of digitogenin, C^H^Og, into digitogenic 
acid, CggHaO* three atoms of carbon are removed. Their fate 
has not been ascertained; it is shown that they do not appear a? 
acetone, acetaldehyde, malonic, propionic, or carbonic acid. 

Digitogenic acid has [a] D -67 1° in aqueous potassium hydr 
oxide, and forms a magnesium salt, C 28 H 42 O s Mg,7H 2 0, small, hard 
nodules of minute needles. ^-Digitogenic acid has [a] D — 60’2° in 
aqueous potassium hydroxide, and forms a magnesium salt, micro- 
scopic prisms and ne *Jles with 7H 2 0. The m. p. of digitogenic 
acid is altered by crystallisation, and is therefore no safe criterion 
for identification. The acid is not reduced by hydrogen and 
colloidal palladium, amalgamated zinc and hydrochloric acid, or 
zinc dust and acetic acid. 

The acid, C lfi H 24 0 7 , obtained by the oxidation of digitogenic 
arid in about 15% yield (loc. cit.), is obtained in about 27% yield 
by oxidising the amorphous precipitate thrown down by adding 
water to the mother liquor of the crude digitogenic acid. It is 
oxidised by potassium permanganate in strongly alkaline solution, 
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yielding an amorphous acid, C 15 H s 0 T) H,0, decomp. 120-130° 

SSTS54S>SK^>. fonns an amorphoU3 B,a ^' 

The mother liquor of tile crude acid, C 16 II 24 0. (he. dt.\, con- 
tams in addition to other substances, at least two very ea““y 
soluble adds one of which has been identified as ethylsuccinic acid 
The oxidation of gitogen.c acid by hot chromic, acetic, and 
sulphuric acids yields an acid, C 18 H„ s 0 9 , tufts of needles m n 
210°, sintering at about 206° ( calcium salt, C ]8 H oe O c Ca,2H Q 0)' a ? n 
aad, CjjjHjoQg, m. p. 201 — 202° ( calcium salt C TT np- 
amorphous), and ethylsuccinic acid. ‘ * i 9l ^A Ca , 

Digitoxigenin is not reduced by hydrogen ami 
palladium and is oxidised by chromic and acetic acids\ie£ a 
neutral substance , CjqH^Qj, crystals, m p 185° , ^ ^ 

Digitaligenin forms an acetyl derivative,' CUHJfcAo. coiourless 

5Tw n n^1io^:2? 2 °1 0 fn (dig,tallgemn ™ P 

.01— .02 , not 210— 212° as stated previously), and is reduced 
m aqueous methyl-alcoholic solution by hydrogen and cnlWM 
palladium, yielding a eubetanee C H 7 O T? n . , 0,dal 
0.1 io 4 o I i?tn crystals, m. p. 

181-184 sintenng at 175°, wh.ch is oxidised by chrom e and 
acetic acids; yielding a neutral substance, cJL O 
crystals, in. p. 190—192°, and an add C H O nZ JZ? • , 
Cu h i«° 8 (by titration and by analysis of the ra/ciij salt) Colour- 
less prisms sintering at 240-245° without melting c S 

s jjr 

liave been observed but the variations in the physical pronertS 

Ssrs ? && £s 

i acetylation) an unusual behaviour is exhibited 

tte jXium'JtTnd* rea fT, 0btaiued , in the P« re state through 
' ,m . , ’ and crystallises in wlute needles ( + 2H.01- the 
; li drous substance has «. p. about 310° (corr.) |„1 +64-5° in 

ctiS rosittes" The'"" ^ Climes in 

Wisms (+15TL01 Th .® /•>*«**>« salt fonns well-defined 
ilcohol rtr l67-7° t an ?' d r u f has W + 63 ’4° in ethyl 
’ommla C H OK f n i? al ?M A,ia lyses lead to the 
ilivlliii Tim °/ K f a,ld lienee to (C I0 H lf ,O) 3 for caryo- 

fid ' kad> aid dicer salts Yre 

°mtttttr^LT7 0phyU l n ;, Under VarioUS conditions leads to the 
ormer substat™ and acetylcaryophyllin ; the 

«e state hv ! T what unstable, but can be obtained in the 
Ration lZr? r ethereaI of the crude 

cetic acid at the ord' the °. rdmar y temperature. It slowly loses 
CM at the ordinary temperature, and is converted into 
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acetylcaryophyllin by boiling ethyl alcohol or glacial acetic acid. 
The potassium salt is described. Acetylcaryophyllin forms white 
efflorescent needles, m. p. 260 — 265°, and yields a potassium salt 
which is readily soluble in alcohol. A very sparingly soluble sub 
stance, possibly a polymeric acetate, is also obtained during the 
acetylation of caryophyllin. 

Oxidation of caryophyllin with fuming nitric acid yields caryo- 
phyllic acid, which is shown to he a somewhat unstable, tribasic 
acid, C 27 H 43 0 3 (C0 2 H) 3 , giving a characteristic, sparingly soluble, 
mono -potassium salt. When heated with acetic anhydride it yields 
a compound, m. p. 210 — 213° (slight decomp.), which appears to be 
an acetyl dilactone, C 31 H 4t; O fi , a molecule of carbon dioxide being 
eliminated during the process. 

Urson in its general properties is very similar to caryophyllin. 
The most striking difference is shown by the potassium salts, that 
derived from urson being freely soluble in ethyl alcohol, in which 
the caryophyllin salt is sparingly soluble ; a method of separation 
is based on this dissimilarity. The lead, zinc, magnesium , and am- 
monium (?) salts of urson are described. Urson diacetate (diacetyl- 
ursonic acid) closely resembles the corresponding derivative of 
caryophyllin, but is, in general, more soluble and less stable. De- 
composition to the mono-acetate occurs so readily that it was found 
impossible to prepare a pure compound. Acetylurson separates 
from alcohol in plates or prisms ( + 5H,0) quite different in appear- 
ance from the caryophyllin compound. It was not found possible 
to purify the product formed by the oxidation of urson with fuming 
nitric, acid. W. 


4-Phenylcoumarins . II. Adolf Sonn (Ber., 1918, 51, 
1829— 1832. Compare A., 1918, i, 401).— Further examples of the 
formation of 4-phenylcoumarins are given. 

Chloroacetylresorcinol dimethyl ether, m. p. 114 — 115° aftei 
softening at 112° [Tambor and du Bois (A., 1918, i, 395) give 119% 
is obtained by the action of hydrogen chloride on an ethereal solu- 
tion of resorcinol dimethyl ether and chloroacetonitrile in the pres- 
ence of zinc chloride, and is converted by potassium cyanide into 
cyanoacetylresorcinol dimethyl ether , prisms or plates, m. p. 

152 153°. The latter condenses with pliloroglucinol in glacial 

acetic acid solution under the influence of zinc chloride and hydro- 
gen chloride, yielding 5:7-dihydroxy-% f ■A , -diimethoxy-i-phenylm- 
marin , hexagonal prisms, m. p. 232° (decomp.). 

Similarly, cyanoacetj catechol, , m.p. 222° (decomp.), after previous 
softening, condenses with pliloroglucinol to 3 ; : 4' : 5 : 7 -tetrahydroxf 
A-phenylcoumarin , which, after being purified through the acetyl 
derivative, forms platelets ( + 2H 2 0), m. p. about 270° (decomp.). 


Improvements in and Relating to Synthetic Drugs 
[Mydriatic Alkaloids]. Nagayoshi Nagai (Brit, Pat 1 2093t>). 
— Synthetic racemic A-methylmydriatine, 

OH-CHPh-CHMe-NHMe, 
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or its salts is prepared by th$ condensation of benzaldehyde with 
nitroethane by agitation for several hours at the ordinary tempera 
ture m the presence of a small quantity of a solution of a weak 
a kali, such as an alkali carbonate or hydrogen carbonate, or phos- 
phate, or Py^tlme, etc. The condensation product, phenylnitro- 
propanol OH-CHPh-CHMe*K0 2 , is separated by extraction with 
ether and freed from benzaldehyde by shaking the ethereal solution 
with aqueous sodium hydrogen sulphite. The oily residue is dis 
solved m dilute alcohol, the calculated quantity of formaldehyde is 
added, and the mixture is reduced at a low temperature by adding 
dilute acetic acid and zinc dust. The liquid is filtered and the zinc 
precipitated by hydrogen sulphide; the solution is evaporated in a 
vacuum and the resinous residue is shaken with dilute hydrochloric 
add and ether. The hydrochloride of the base is obtained by eva- 
luating the aqueous layer, and is recrystallised from absolute 
alcohol. Ibis synthetic ephedrine differs in constitution from 
Fourneau s ephedrine (A, 1907, i, 762), and is the racemic form of 
natural ephedrine. J F B 


Alkaloids ofcthe BetelNut. Karl Freudenberg ( Ber 1918, 51 
1668 — 1682 ). Guvacine is 1 : 2 :5 : 6 -tetrahydro pyridine-3 -carboxylic 
acid according to the author (A., 1918, i, 403) and 1 :2 :5 : 6-tetra- 
hydropyridme-4-carboxylic acid according to Hess and Liebbrandt 
(A., 1918, i, 401). The author now shows that his view is the 
correct one by (i) the direct comparison (mixed m. p/s, etc ) of 
corresponding derivatives of guvacine and Wohl and Johnson's 
1:2 :5 :6-tetrahydropyridine-3-carboxylic acid, (2) by the identity 
of A-methylguvacine with natural arecaidine, and (3) by a compari- 
son of dihydroguvacine with nipecotinic acid and wonipecotinic acid, 
lontraiy to the statement of Hess and Leibbrandt, dihydroguvacine 
differs in every way from wnipecotinic acid, and is completely 
identical with nipecotinic acid (piperidine-3-carboxylic acid) Di- 
liydroguvacxne hasm. p. 261° (decomp. ; corr.), not above 320° as 
stoted by Hess and Leibbrandt (J loc . cit ). The nipecotinic acid 
used by Hess and Leibbrandt was in reality almost puTe wonipeco 
time acid. Several other errors in their paper are corrected; for 
example, A T -methylguvacine (arecaidine, arecaine), when esterified by 
alcoholic hydrogen chloride, is not demethylated at the nitrogen 


The Physical Constants of Nicotine. I. Specific Rotatory 

rv ^ Aqueous Solution. Harry Jepiicott 
(T., 1919, 115 , 104—108). 


,, So ™ e Derivatives of Pyrrole. IV. G. Karl AlmstrOm 
(.tniMfew I9i8, 416 , 279—290. Compare A., 1913, i, 1240; 1915, 
m6 > I 568).— In some reactions 5-hydroxy-4-acetyl-l : 3-di- 
^ (A*> 1916, i, 568) behaves as though itwerethe5-keto- 

^ 11 °t attacked by boiling alkali hydroxide and benz- 

ol 1 -j but by heatin S ^th methyl iodide and alcoholic sodium 
■ oxide at 100° yields a mixture of i-acetyl-l : 3-diphenyl-4- 
y OL. CXVI. i. 
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mtthyl~§-pyrrolone, colourless crystals, m. p. 115 — 116° (semieml 
azone, m. p. 217° [decomp.]), and 1 - 3-diph t n ylA-m ethyl-5- pyrrol 0llt 
colourless needles, m. p. 113 — 114°. The latter of these is also 
obtained by heating the former with moderately concentrated sul- 
phuric acid, and is oxidised by chromic and acetic acids to phenyl 

ni ethyl male inpheuylimuh, pale yellow, quadratic 

plates, m. p. 106 — 107°, from which aniline and phenylnirllu/L 
maleic anhydride , m. p. 94 — 95°, are obtained by boiling with 
alcoholic sodium etlioxide. 

By heating on the water-bath with 2A-sodium hydroxide and a 
large excess of methyl sulphate, 5-hydroxy-4 -acetyl-1 : 3-diplieuvl- 
pyrrole yields 1 : 3-diphenyl -4 -methyl-6-pyrrolone and ^aeetyh. 
methoxy-1 :3-diphenylpyrrole, colourless crystals, m. p. 101°, which 
forms a semicarbazone , pale yellow crystals, m. p. 215° (decomp.!, 
yields 1 : 3-diphenyl-5-pyrrolone by heating with moderately concen- 
trated sulphuric acid, and is converted into i-cinnamoyl-5-metho.rp 
1 :3-dipkeny [pyrrole, yellow crystals, m. p. Ill — 112°, by heath)* 
with aqueous-alcoholic sodium hydroxide and benzaldehyde. 

1 : 3 -Diphenyl - 4 - ethyl- 5 - pyrrolone , colourless plates, m. p, 
118 — 119°, yields phenylethylmaleinphenylimide , yellow, rhombic 
plates, m. p. 79 — 80°, by oxidation, from which aniline and phenyl 
ethylmaleic anhydride , m. p. 46°, are obtained by the action of 
sodium etlioxide. 

5 -Hydroxy-4- acetyl- 1 : 3-diph enylpyrrole does not yield crystalline 
products by treatment with acetic anhydride, diazomethane, or 
acetyl chloride, hut it reacts with magnesium methyl iodide and then 
with acetyl chloride to form a substance, C ]8 H i:i 0 3 N, colourless 
needles, ni. p. 119 — 120°. * C. S, 

General Reaction of Ketones. T. Guareschi (Gazzdla, 
1918, 48, ii, 83— 98).- The author has extended his work on the 
condensation of- ketones with ethyl cyanoacetate in presence of 
ammonia or an amine (A., 1902, i, 819) to benzyl methyl ketone and 
its homologues in order to ascertain which ketones react incom- 
pletely or not at all with the cyanoacetate, and to study the maimer 
in which the new compounds decompose with formation of hydro- 
carbons. 

3 : 5-Dicyano - 2 : Q-diketoA-benzylA-methylpperidine, 

CH.?J,-CMe<™(CN);CO >NH) 

the 1-ammonium derivative of which is formed from benzyl methyl 
ketone, ethyl cyanoacetate, and ammonia, crystallises in shining 
needles or prisms, m. p. 255 — 257°, and has an acid reaction i« 
aqueous solution; its ammonium salt is crystalline, and in aqueou? 
solution decomposes with difficulty into toluene and the ammonium 
derivative of 3 : 5-dicyano-2 : 6diketo-4-methyl-A 3 -tetrahydropyridine, 

C NH <* 
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With bromine water 3 : 5,dicyano-2 : 6-diketo-4-benzy]-l -methyl- 
piperidine gives a dibromo-derivative, which, when boiled with alco- 
hol, best with addition of a little formic acid, rapidly loses bromine 

yielding 3 '^-dicyuno-i-benzyl-i-methyltHmethyieiiedicarbonimide, 

Cn 2 Ph-CMe<V|^| .£ q>NH, m. p. 266 — 268°. 

0-Phenylethyl methyl ketone yields 3 : 5-dicyano-2 : 6-diketo-4-jB- 
j j 1 1 e nylet-liy 1-4-mefcl lylpiperid ine, which has been already described 
: b~f)u’yano- l l : b-diketo-i- ben zyl-4 -ethyl pi per if I ine, 

CH 2 Ph-CK t <^(CN);CO >NHi 

obtained from benzyl ethyl ketone, forms crystals, m. p. 222—226°, 
which absorb bromine, giving the dibromo-derivative. The latter 
loses its bromine when boiled with alcohol and formic acid, yielding 
3 : o-d icyano-i-ben zyl-A-methyl trim ethyl enedicarbonim ide, 

CHjPh-CEt<^ CN )' C0 >;NH 
! XlfCNVCCr ’ 

m. p. 226—228°. 

3 \b-Dicyano- 2 : S-diketoA-fi-jdienylethyl-i-ethylpipendiiie, 

CH l Ph-CH J -CEt<CHjCN, ; CO >NHi 
P«P a ^ o from A-phenyletliyl ethyl ketone, forms crystals, m. p. 

3 : b-Dkyano-2 : G-diketo-i-bensyl-i-pm pyl pipe rid in r, 
CH i Ph-CP,<^g) ; CO >NH] 

forms white crystals, m. p. 225°. 

3 : b-Dkyanr^l : G-dilcrtfj-i-bensyU-hopro pyl piperidine, 

CH a Ph-CPr<CH(CN) : CO >NHi 

forms colourless needles, m. p. 248*5— 249*5° When treated with 
alcohol and formic acid, its dibromo-derivative decomposes, yielding 
a colourless, crystalline compound , m. p. 255—257°, which is prob- 

ab v 3 : 5 i - d ^yano- 4 -benzyl-4^opropyltrimethylenedicarbonimide. 

Isenzyl «sobutyl ketone condenses with ethyl cyanoacetate and 
ammonia, giving a small quantity of a compound which crystallises 
m needles, m. p. 223 — 225°, but was not analysed. 

With sodium hydrogen sulphite, benzyl methyl ketone, jS-phenyl- 
ethyl methyl ketone, and benzyl ethyl ket-one form crystalline com- 
pounds, but this is apparently not the case with jS-phenylethy 1 ethyl 
Ketone or benzyl fsobutyl ketone. T H P 

J^Jbree Phenacylaminobenzoic Acids. M. Scholtz 

witb’ t, ’ 1653). — The three aminobenzoic acids react 

( ■ T roi ^oscetophenone in boiling alcohol to form o -phenacyl- 
‘.^f^otcaad, COPh-nH.yXH'C 5 H 4 -CO»H, yellow leaflets, m. p. 
{pnenylhydrazo n e , yellow needles, m. p. 156°), the m-isomeride, 
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OH Ph 

c c 

\y— fl- 


J co 


colourless crystals, m. p. 202°, and the p -uomeride, colourW 
needles, ra. p. 211° respectively. If alkali hydroxide or carbonat 
also is present in the reaction in the case of the ortho- and 
compounds, a by-product is the phenacyl ester 

C0Ph»CH 2 *NH*C 8 H 4 'C0*0*CH 9 *C0Ph 

(o-tsttr , hsur-lfce crystals, m. p. 180°; p -ester, colourless needle, 
m. p. 186°). By treatment with boiling acetic anhydride m- »J 
p-phenacylammobenzoic acids are converted into the correspondinr 
^ace f y l derivatives, pointed prisms, m. p. 217°, and leaflets, m £ 
l^b , respectively, but the ortho-compound is converted into a sj. 

stance, C^H^OoN, colourless needles, m. n 
288°, which is regarded as 8-hydro xy-Z-ketd 
1 - phemjlpropenyfene -2:1- indole (annexed 
formula). It develops a blood-red coloration 
with alcoholic ferric chloride, forms a dt- 
bromide, C^HjjOoNBro, pale yellow needles, 
i i v . . P* 265 °> and « converted by hot aqueous 

alcoholic potassmm hydroxide into the potassium salt of an acid 
t, 17 H 13 0 3 N, colourless needles, m. p. 300° (decomp.), which does not 
give a coloration with ferric chloride, forms a dibromide , pale yellow 
needles and yields a phenylhydrazone, yellow needles, m p 221° 
and is therefore regarded as indoxyl-2~P-cinnamic acid, “ ’ 

C ' lf <NH> t:H ' CPI,:Cn ' C0 2 H - 
It i^acetylated by warming with acetic anhydride, but the proihtt 
0„H ]2 0 8 NAc, rhombic crystals, m. p. 167°, no longer exhibits the 
properties of ail acid; it regenerates indoxylcinnamic acid after pro- 
longed boiling with aqueous sodium hydroxide. 

By boiling with phenylhydrazine in glacial acetic acid all three 
phenacylaminobenzoie acids yield the phenylhydrazone of s-vhen 
acylphenylhydrazine, NHPh-N:CPh-OH 2 -NH-NHPh, yellow needles, 
-P } ^ {acetyl derivative, Q>oH 19 N 4 Ac, yellow crystals, m. p. 

w Bromoacetophenone and phenylhydrazine react in boiling aleo- 
n the P recedin g compound, but a substance, 

^28H 24 N 4 , colourless needles, m. p. 174°, which is regarded as tetru- 

phenyl-B-tetracarbazone , EpJ- CH^-CPh' ind « with 

the substance, m. p. 137°, obtained by 2 Hess in 1886 from the same 
two reagents in alcoholic solution at 0°. C. S. 


Aldehyde Derive .ives of Rhodanines and their Fission 
Products. I. Rudolf Andbkasch (Monatsh., 1918 , 39 , 119 — 440 ). 
~~A study of the oxidation, reduction, and fission of various con- 
densation products of aldehydes and rhodanines. 

A solution of phenylbenzvlidenerhodanine in boiling glacial acetic 
acid is oxidised by bromine to phenylbenzylidenethiocarbimidedycol* 
1 e n^ 0 P’!^^° A., 1917, i, 663, in which the m. p. is given 

as 239 in error); similarly, phenyl-o-nitrobenzylidenerhodanine 
yields phenyl - o - nitrobenzylidenethiocarbimideglucollide. woolly 
needles, m. p. 204°. * 
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The following substances have been prepared with a view to the 
study of their reduction : 5-ethylrhodanine (from ethyl a-bromo- 
butyrate and ammonium dithiocarbamate), yellowish-white crystal 
llD e powder, m. p. 105°; Z-phcnyMyUdLrhodJ^^^S, 
yellow plates , m p. 123°; Z-phcnylS-rthylrhodanine, pale Jlow 
needles, m. p. 83 ; o-mtrobenzyl phenyldithiocarbamatc 

NHPh'CS'S-CH 2 -C 6 H 4 -NO, 

sulphur-yellow needles m. p. 120-121°. Attempts to reduce ethyl- 
ldenerhodanme and phenylethylidenerhodanine have not yielded 

satisfactory results up to the present, J 

The vanous aldehyde condensation products of the rhodanines are 
found to be decomposed with widely differing velocities by alkali ■ 
those containing a hydroxy-group in the phenyl residue are particu’ 
larly resistant, so that, in general, they are only decomposed under 
conditions which lead to the further degradation of their fission 
products. The most suitable reagent is a solution of sodium amyl- 
oxide m amyl alcohol probably by reason of the higher temperature 
which can be attained. Under these conditions, phenylpiperonvl- 
i enerhodanme yieldsphenylthiccarbimide and vtethylenedioxy-or 
tholmnamc M CH 2 0 2 :C,H 3 -Cn:C(SH)-C0pH, yellow, micro- 
scopic needles, which begin to decompose at ca. 170° and are com- 
ply molten at 20^-210°. The latter acid is transformed by 
iodine into dtsulphtdoUsmethyleriedioxyeinnamic acid m p 228 ° 
Similarly, acid ’ 

0H*C 6 H 3 (0M e )»CIi:C(SH)*C0 9 K, 

pale chrome-yellow rhombic plates, m, p. 183° after softening at 
I 0 ’ obtained from the condensation product of vanillin and 
ph eny Irhod an me , whilst the anhydride of o-hydroxy-a-thiolcimiamic 
acid (m p of benzyl derivative, 164—165°) is prepared from 

plienyl-o-liydroxybenzyhdenethiocarbimideglycollide. Phenylfuryl- 

iflenerhodanme yields furylthiolacrylic acid 

c 4 h 3 o-ch:c(sh)-co 2 h, 

f” e needles ’ P- 102 — 103°, which is transformed by iodine into 
the corresponding dnidphido-acid, lemon -yellow needles or hexagonal 
plates, m p. 190—191°. Fission of p-hydroxybenzylidenerhodanine 
p. 274 after softening at 260° did not lead to the isolation of 
pnynroxy-a-thiolcinnamic acid, hut its formation was proved by 
he separation of its benzyl derivative, colourless, microscopic 
needles, m. p. 183°. The free acid, chrome-yellow needles, m. p. 

. ’ * as P^pared by the action of a solution of sodium amy! oxide 

l ' 1 , 0 am y} alcohol op phcnyl-y-hydroxybenzylidenerhodanine, 
lum-yellow needles, m. p. 285°. The corresponding disulvhido- 
n4 is a yellow, crystalline powder, m. p. 197°. p-Dimethyhmino- 
T wnmanuc acid has m. p. 160°; the corresponding dimlphido- 
m is a scarlet powder, m. p. 198°. 

pd mnobenzylidenerhodanine forms fine, woolly needles resem- 
mg chromium trioxide which soften at about 200°, and are not 
^ pa 290°; 2 A-diketo-b-p-aminobensylidenethiazol-’ 

1 vO — 


line, V 


a ^ark reddish-brown powder 
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which further darkens from about 200°, and has no definite m. p, 
Attempts to decompose these substances, as also phenyl-o-nitrobenzvl- 
idenerhodanine, by alkali led to negative results. H. W. 


Parabanic Acid . Robert Behrend and Adolf Asche (Annak ii, 
1918, 416, 226 — 228). — Parabanic acid can be obtained in about 
33% yield by rapidly adding 8*4 grams of uric acid to 39 c.c. of 
nitric acid, D 1*3, heated at 70°, evaporating the solution to dry- 
ness, and evaporating the residue two or three times with nitric 
acid, D 1*4, until the evolution of gas ceases. The product is 
crystallised from boiling water. C. S. 


New Compounds to be employed as Colouring Matters or 
in the Production of Colouring Matters. Andrea Angel 
(Eng. Pat., 121347, 1917). — A new type of compounds, for which 
the name of “ parazenes ” is suggested, contains two benzene nuclei 
(or nuclei of benzene derivatives or other cyclic groups) linked 
together through four para-carbon atoms of the nuclei by two 
nitrogen atoms. Of the three phases of the formula which may 
he assigned to parazene, two (I and III) become identical in the 
absence of unsymmetrical substitution : 


^ N \ 
/\ /\ 


\ N / 

do 


/7\ 
/\ /\ 
Mi i 


/% 

A 

i i i ii 


\n/ 

(ii,) 


(III.) 


Parazenes are prepared by heating a parahalogen substituted 
aniline or a-naphthylamine, or derivatives of either containing 
indifferent groups in the nuclei, with a condensing agent, 
such as zinc chloride, ferric chloride, aluminium chloride, 
or phosphoric oxide. The product of the reaction is a 
hydroxy parazene, which is converted by reduction into para 
zene. The parazene thus obtained from p-chloroaniline is a 
dark blue powder which, when dissolved in dilute acetic acid, 
may be used for dyeing wool or silk. Special colouring matter 
may be produced by introducing auxochromic groups hv 
the ordinary methods. Parazenes will form salts with acids by 
addition to one or ’ otb of the nitrogen atoms. [See, further. 
J. Sac. Chem. Jvd 1919, February.] C. A. M. 

Interaction of Aliphatic Diazo-compounds and Diphenyl- 
keten. J. Sureda y Blanks (Ami Fis. Quim., 1918, 16 , 611—624). 
— With phenyldiazomethane, diphenylketen produces a substance, 
C 21 H lc ON 2 , white crystals, m. p. 196°. Diphenyldiazomethane and 
dipheuylketen yield, yellow crystals, in. p, 133 — 135° (decomp.) 
The product from diphenylenedi azomethane and diphenylketen is 
a dark yellow 'powder, m, p. 157° (decomp.). The constitution of 
these substances is being further investigated. A. J. W. 
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Preparation of True Vat Dyes'from Di- and Tri-aryl 
methane Dyes. Heinrich Wieland (D.R.-P. 308298- from 
('hem- Zentr., 1018, ii, 782 783). — By treatment of the dyes with 
alkali hyposulphite solution, colourless alkali salts are obtained 
which are soluble in water, and are reoxidised to the original 
dyes with extraordinary rapidity by atmospheric oxygen. For 
example, crystal violet yields sodium hexamethyltriaminotriphenvl- 
methanesulphonate, C(C ti H 4 ‘NMe 2 ), s , S0 3 Na, crystallising in glisten- 
ing needles. H. W. B. 

Some Derivatives of Isatia. Andre Meybr (Comvt. rend 
j l9i8 > 167 \ l° 7 0—1073).~Wheii the amino-oxindole obtained by 
i the reduction of isatoxime with tin and hydrochloric acid is 
oxidised by potassium ferricyanide in dilute solution, in addition 
to isatm, a small amount of a red compound is obtained If the 
isatoxime is reduced by zinc and acetic acid, the zinc salt, 
^VWfyZn, of this red compound is obtained. From its 
behaviour on reduction with sodium hyposulphite or when dis- 
solved in sulphuric acid, the author considers that the red com- 
pound is probably identical with 
Wahl and Bagard's isoindigotin. 

Mixed rubazonic acids of the isatin 
series may be prepared by condensing, 
in alcoholic solution, amino-anti- 
. - ... , . Py rj ne with isatin, 5-bromoisatin, 

r. i (libromoisatin. and naphthisatin. They have the general eon! 
dilution (annexed formula), where X represents the substituted 
benzene or naphthalene nucleus. ^ q. 


MtC— — C N~Ci i‘C' v 

MoN x / CO ■ I J X 


NP1, 


\/\/ 

NH 


Derivatives op the Indole and Indigotin Groups Sub- 

18 41fi 9io e o« tr T n At0 ?' At,G,JST AlBERT 

918 416 , 240—278. Compare A., 1910, i, 821).— l-Hydroxy-2- 

tluo-3-benzoyIoxyoxindole (A., 1915, i, 595) only reacts in the thion 

term in forming the acetyl derivative. In all other cases, it reacts 

i» the thiol-form, C,H,< CH(0 ^>C-SH. For example, it 
-eacts with phenylhydrazine in cold alcoholic or glacial acetic acid 
Oiution to form i-thial-UemogloxpomndtlepktnflAgdraiotte 

'H'hUc, NHPh-NH- N (OH) ^ c(SH)' > v'H - OB 7. 1 pale yellow plates, 

ji. P; 123— H 60 (decomp), which is also formed from the acetyl 
h 1VC ' aeeticacid. being eliminated. The phenylhydrazone 
J-, 9 ! s 1 "teres ting in that the sulphur can be extraordinarily 
i .i/i • e ' iraina ted. - V /2-Sodium hydroxide converts it into 

1 ' v^Vhenylhydrazinoindigo tin, 


C a H,< 


•co- 


s -N(NH-NHPh)' >aC< 'N(NH-NHPh) x 

U l ’ lecla “S Hlar decomp. 237—240°, darkening at 230°, in 


-CO- 
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which the presence of the two carbonyl groups is shown (1) 
heating on the water-bath with aniline or p-toluidine and it s 
hydrochloride, whereby the hydrochloride of the anil, 
C*H*N*2HC1, 

steel-blue needles, decomp. 240°, or of the p -tolil, greenish-blue 
crystals, decomp, 218 — 223°, is obtained, and (2) by heating with 
phenylhydrazine and its hydrochloride, whereby the btsphenyU 
hydrazone , C 40 H M N lfl , yellow plates, decomp. 200 — 206°, i s 
obtained. 

Certain reactions indicate that 1 : l'-bisphenylhydrazinoindigotin 
is able to react in the tautomeric enolic form, 




Thus the substance is insoluble in dilute aqueous sodium hydr- 
oxide, and is only sparingly soluble in alcohol, but dissolves 
extremely easily in alcoholic sodium hydroxide, the colour of the 
solution changing from yellow to blood-red; the yellow colour is 
regenerated by the addition of water. These colour changes are 
still more pronounced in the case of the 1 : iZ-bisphenylmethyl- 
hydrazinoindigotin mentioned below ; the yellow colour of its 
alcoholic solution is changed to dark green by alcoholic potassium 
hydroxide, and is regenerated by the addition of water. The 
presence of two hydroxyl groups is proved by means of benzoyl 
chloride. 1 rl'-Bisphenylhydrazinomdigotin is boiled with 10 j- 
sodium hydroxide until the dark red sodium derivative is formed, 
the mixture is then cooled and treated with benzoyl chloride, 
whereby, according to the conditions, the dibenzoyl derivative, 


r tt /CO ~ N >r'C<' C0 ' 

C « H ^N(NH-NBzPh)^ U * t ' S N(NH*NBzPh> 


yellowish-red 

needles, m. p. 190 — 191° (this forms a b isph e nylhydrazone, 

pale yellow 

plates containing 2TL>0, m. p. 140 — 145° [hydrated] or 186—189° 
[decomp.; anhydrous]), or the tetrabenzoyl derivative. 


c H < ( r (0Bj) — >(rc<9 (0Bz) — 

* 4 N(:N-NBzPh) Nf.N-NBzPh) 


>C e H„ 


yellow or yellowish-brown, rhombic plates, in. p. 158 — 159°, is 
obtained. The teticbenzoyf derivative is converted into the 
dibenzoyl derivative by careful treatment with sodium ethoxide, 
and into the bisphenylhydrazone of the latter by warming with 
phenylhydrazine and its hydrochloride at 50?. 

By treatment with ns-phenyhnethylhydrazine, l-hydroxy-3- 
benzoyloxy-2-thiooxindole is converted into a phenylmethylhydr- 
azone, which could not be obtained crystalline, and is readily 
changed by Nj 2-sodium hydroxide into 1:1 '-bisphenyhnethyl- 
hydraz inoindigo tin, C^H^O^N^, yellow o/* yellowish-red needles, 
in. p. 202° (bisphenylhydrazone, C 42 H 38 N W , yellowish-brown plates, 
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decomp. 165°). This reacts with cold alcoholic notassinm A 
and methyl sulphate to form the dimethyl ether h de 

■ C.H.. 

yellow, quadratic plates m. p. 150-151“ The dibenzoyl deriv- 
ative K converted into the preceding bisphenylhydrazone, decomn 

5 !S? ****** »• two benzoyl group^ 

1:1 '■B^-brornophenylhydraeinmndigotm, C„ 6 H ?0 O,N,Br„, forms 
orange-yellow, rectangular plates, m. p. 247°Vec°mm), ! and™ 
converted by warm aniline and aniline hydrochloride nto the 
hydrochlonde of the . and, C^^Br^HCl blackish-blue micr/ 

scopic plates, m. p. 227-231° (decomp.). ’ 

The preceding bisphenylhydrazino- and substituted bisphenvl- 
hydrazmo-mdigotins do not yield vat dyes on reduction but 

media will be deffitta' a^lr pTp^r ^ 77 *7 

1 il'-bisphenylhydrazinoindiyotin suspended in li J cieTy'a coLlic 

K by Y St d W r ™ di *o tin, uniline, anFammont 
its reduction by ^-sodium hydroxide and zinc dust in an atm n 

Whilis pr^ipftated r bv X ^ 77 * 7® yel,ow eoMion ’ from . 

do salt prZbk of 1 h T" S of . a t mo9 P heri ° °xy**n a dark blue 
v,; PWbaoJy of 1 : l'-diammoifldigotin, from which is liberate 

MduteJiyd^Uorici.cid the hJrachUride of .W^tl ^ 

’* c ’ C1.H 4 ’N-NH-N*0,H/ violet ’ octangular plates, decomp. 
185° This base forms an acetyl derivative, a very marimdv 
and f ^ needles > and other c^stalltae 

slhitea v iL Vr at d ' Ve 7.>? el ? in ? with sodium hypo 

O oxyt? TTe V n 7 ‘- h the r ide is aerated by means 

redSon P " g ^ Salt > de,ds ^^^oindigotin by 

B e C nnZ d Nitrlc ri Aoid fr0 Vir Pr 1 einS Trea * 

^tL Ghem " 1 ? 18 ' 103 ’ 8 °“ 83 ' r -°“Pu^A l“^\ ( f98f- 

jlyoxylic^cids 6 ^i' Dd ' r . 0 S iy0Xaline - 4 -° arb '>xylic and giyoxaline-4- 
wducts of 7\° X,d 7 0n Products of histidine, among the 
i918 i 4121 oxidation of protein, is confirmed (see Knoop, A., 

’ ’ h H. W. B. 

(•l H Sii/ 0ly rf ° f K f£” n ’ U- Beeese Jonbs and Cam 0. Johns 

UwT nroSTo’f la 1 /’ 334). Kafirin, the alcohol 

I ein of kafir (A ndropogon sorghum), contains 2] '2°/, 



i. 102 


ABSTRACTS OF CHEMICAL PAPERS. 


glutamic acid, 154% leucine, 8*1% alanine, 7-8% proline, 5*5 r / 
tyrosine, 4 '3% valine, 3 ‘5% ammonia, 2*3% phenylalanine 2*3* 
aspartic acid, 1-6% arginine, 1*1% histidine, 0*95% lysine, and 
cystine. Tryptophan is also present, but glycine is absent 
-Kafinn therefore closely resembles zein, the alcohol-soluble protein 
or maize, except in regard to its content of tryptophan. 

H. W. B. 

Proteins of the Peanut, Arachis hypogasa. III. The 
Hydrolysis of Arachin. Carl 0. Johns and D. Breese Jones 
(J . Biol .Chem,., 1918, 36, 491 -500. Compare preceding abstract) 
—Arachin contains 16*7% glutamic acid, 13*5% arginine 5'5-v 
tyrosme, 5*3% aspartic acid, 5*0% lysine, 41% alanine, 3*9% leucine' 
2*6% phenylalanine, 2*0% ammonia. 1*9% histidine, 1*4% prolW 
1-1% valine, and 0*9% cystine. Tryptophan is present, glycine 
absent. H. W.B. 


mPo he ^ 1Cal Study of Enz Y rnG Action. K. G. Falk ( Science 
1918,47,423—429; from Physiol . Ah Hr., 1918, 3, 407).— The 
chemical nature of enzymes is discussed in the light of the resuits 
of experiments previously published (compare A., 1917, i, 598). 

H. W. B. 


Studies in Fermentation. III. Pepsin and Peptic 
Digestion. W. Biedermann (Fermentforsch,, 1917, 2, 1—57 * from 
Chem. Zentr 1918, ii, 741—742. Compare A., 1917, i, 62).— A 
suspension of coagulated egg white in water can be employed for 
detecting a small amount of pepsin. The former is prepared from 
dried commercial egg albumin by dissolving in water, acidifying 
with acetic acid, adding sodium chloride, and then heating to the 
oiling point with continual stirring. The protein separates in very 
hnely divided flocks, which after washing and pressing can be 
rubbed up with a little glycerol to form a paste, in which form it 
can be preserved indefinitely. A small fragment about the size of a 
pea m 10 c.c. of water forms a milky fluid which does not yield a 
perceptible sediment for several hours. On digestion with a trace of 
pepsin and hydrochloric acid, the turbidity quickly disappears. 

Fibrin is dissolved by dilute hydrochloric acid even in the absence 
of pepsin. Repeated addition of fibrin results in an increased rate 
of solution, which appears to indicate that an autolytic or peptic 
enzyme is closely associ. ted with fibrin or is formed from the fibrin 
by hydrolysis. If the fibrin is boiled prior to the experiment, it does 
not dissolve so readily in the dilute acid. H. W. B. 

Trypsin, and a New Method of Purifying Enzymes. 

Joseph T. Wood (J. Soc. Chem. hid., 1918, 37, 313— 315t). -It 
has been stated by Holzberg (A., 1913, i, 662) that when a saturated 
solution of safranine is added to a neutral or very faintly alkaline 
solution of trypsin, a precipitate is formed which possesses proteo- 
lytic properties. This statement is confirmed by the author, and it 
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is shown that the precipitated . material consists of protein matter 
with the safranine and the enzyme in an adsorbed condition 
Trypsin or other enzyme can be purified by dissolving in a small 
quantity of water and allowing the solution to soak into filter or 
'dotting paper. After rapid drying at a low temperature, the pro- 
eins are retained more tenaciously by the paper than the enzyme, 
md on placing in water for a few minutes and then filtering, a solu- 
ion of the enzyme is obtained practically free from protein. Such a 
urotein-free trypsin solution does not give any precipitate with 
jafranine. H. W. B. 

Action of Mercuric Acetate on jx-Toluidine. I. L. 

Vkcchiotti ( Gazzetta , 1918, 48 , ii, 78 — 83. Compare A., 1914, 
i. 1063). — The interaction of mercuric acetate (1 mol.) and p-tolu- 
iiline (1 mol.) yields p Joluidinenierciiriacetate, 
NH 2 *C 6 H 3 Me-Hg-OAc, 

which forms shining, white crystals, in. p. 184°; the mercuriacetate 
"roup probably occupies the ortho-position to the amino-group. The 
rurrespondiug hydroxide , NH./CflH s Me'Hg*OH, crystallises in pale 
vellow plates, id. p, 212 — 213°, which begin to turn brown at about 
120°; it renders water strongly alkaline. The chloride , 
C'.H s NClHg, forms prismatic needles, m. p. 170°. T. H. P. 


Physiological Chemistry. 


Quantitative Evaporation of Blood Serum. George H. 
Borrows and Edwin J. Cohn (J. Biol. Chew., 1918, 36 , 587 — 590). 
— The apparatus consists of an ordinary distilling flask of at least 
1 litre capacity supplied with 100 grams of rather large glass pearls. 
The stopper carries a dropping funnel, the lower end of which 
extends into the bulb of the flask. The side-tube of the flask is con- 
i.ccted with a vertical condenser, which empties into a previously 
weighed bottle of size suitable for trapping the evaporated and 
i-oiidensed water. Following this in succession is a weighed calcium 
chloride tower, a manometer, and a vacuum pump. The trap bottle 
find calcium chloride tower are immersed in ice-cold water, and ice- 
water should flow through the condenser jacket. 

The flask and appendages having been weighed, the apparatus is 
exhausted to a pressure of 1 cm. of mercury, or less. The flask is 
immersed in a water-bath at 50°, and the liquid serum is then 
allowed to enter slowly through the funnel as nearly as possible at 
the rate at which evaporation proceeds. So treated, tlxe serum 
foams largely and leaves a friable product which adheres loosely to 
the walls of the flask. When the desired amount of liquid has been 
evaporated, the cold water of the condenser jacket is replaced by 
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warm water and air slowly admitted through the funnel. This is 
followed by re-exhaustion with slight raising of the temperature of 
tl^ bath. When the serum is dry, the apparatus is dismounted 
and the parts weighed. Serum contains about 9% of solids, which, 
as thus obtained, dissolve readily in water, yielding a slightly 
turbid solution. H. W. B. 

The Action of Ferric Thiocyanate on Normal Human 
Serum. Arthur Vernes and Roger Douris (Compt. rend,., 1918, 
167, 972 — 974).' — The reagent prepared by the action of ammonium 
thiocyanate or ferric chloride is added to a series of tubes contain- 
ing 0*4 c.c. of diluted serum, in diminishing dilutions. The first 
tubes show no precipitation, then follow a series of tubes in which 
precipitation takes place, and these are followed by another series 
with no precipitation. S. B. S. 

Mineral Metabolism in Experimental Acidosis. Kingo 
Goto (/. Biol. Chem., 1918, 36, 355 — 376). — The daily administra- 
tion of hydrochloric acid to a rabbit during a period of from one to 
four weeks was accompanied by an increase in the urinary excretion 
of phosphoric acid. Subsequent investigation showed that the 
muscles were deficient in phosphorus, sodium, and potassium, and 
the bones in calcium carbonate. The fat content of the skeleton 
was also greatly reduced. These results indicate that in acid 
intoxication after the carbonates in the body fluids have been 
neutralised, the alkali phosphates of the muscles and the calcium 
carbonate of the bones are drawn on in the attempt to maintain the 
hydrogen-ion concentration of the body tissues at the normal level. 

H. W. B. 

Comparative Metabolism of certain Aromatic Acids. 
II. Fate of p-Hydroxybenzoic Acid and p-Hydroxy- 
phenylacetic Acid in the Organism of the Monkey. 

Carl P. Sherwik ( J , Biol. Chem., 1918, 36, 309 — 318. 
Compare A., 1917, i, 603).— Feeding experiments on a monkey 
(Maeacus rhesus) indicate that in relation to the process of the 
metabolism of the aromatic arnino-acids, the monkey stands in the 
same position as other lower animals and thus differs from man. 
The monkey excretes the p-hydroxybenzoic acid in the urine in an 
uncombined state, whilst a partial combination with glycine takes 
place in the human organism. On the other hand, p-hydroxy- 
phenylacetic acid is par ly excreted as p-hydroxyplienylaceturic acid 
in the case of the monkey and lower animals, but is excreted in an 
uncombined form in man. H. W. B. 

Metabolic Changes induced by the Administration of 
Guanidine Bases. V. Change of Phosphate and Calcium 
Content in Serum in Guanidine Tetany and the Relation 
between the Calcium Content and Dextrose in the Blood. 

0. K. Watanabe (/. Biol Chem., 1918, 36, 531—546. Compare A., 
1918, i, 327).— The administration of guanidine to rabbits produces 
a condition of severe acidosis with the retention of phosphates, a 
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decrease of calcium in the blood, and a liypoglycaewia. After the 
extirpation of the parathyroids in the rabbit, phenomena and symp- • 
toms are observed which are similar to those occurring after the 
administration of guanidine. Since there is a large increase in the 
auanidine bases in the blood in parathyroid and in idiopathic 
tetany, it is possible that the fundamental cause of tetany is the 
increased formation of guanidine brought about by the disturbance 
of the function of the parathjrroids. H. W. B. 

Influence of Protein Feeding on the Concentration of 
Amino-acids and their Nitrogenous Metabolites in the 
Tissues. H. H. Mitchell (/. Biot. Chm.> 1918, 36, 501—520).— 
The concentration of amino-acids, ammonia, and urea in the tissues 
of rats is comparable to that in the tissues of other mammals. In 
the young, growing animal the concentration of the amino-acids in 
the tissues is considerably higher than in the adult animal, due pos- 
sibly to the greater metabolic activity of the young as compared to 
the adult tissues. The effect of feeding with protein depends also 
on the age of the animal ; in young rats the concentration of the 
amino-acids abd urea in the tissues is increased, whilst in the adult 
animal no or only a slight increase .can be detected. H. W. B. 

Animal Calorimetry. XV. Further Experiments Relative 
to the Cause of the Specific Dynamic Action of Protein. 

H. V. Atkinson and Graham Lusk [with G. F. Soder strom] (,/. 
Mol. Che/n.f 1918, 36, 415 — 427. Compare Lusk, A., 1915, i, 614). 
—The administration of hydrochloric acid to a dog causes a slight 
increase in the basal metabolism, but a further increase is not 
observed when aspartic acid is simultaneously given. Aspartic acid, 
like glutamic acid, does not therefore exert any specific dynamic 
action. Asparagine and glycine behave very differently in meta- 
bolism, the former being without specific dynamic action, whilst the 
latter exerts the most powerful specific dynamic action of any of 
the amino-acids in protein which have been thus far tested. There- 
fore, the hypothesis of Grafe (JJeuhch. Arch. Klin. Med., 1915, 
118, 1) that the specific dynamic action of protein is due to the 
amino-radicles of the amino-acids is shown to be incorrect. Neither 
succinic acid nor acetamide is found to increase the heat produc- 
tion of the animal. The authors draw the conclusion that the pro- 
cesses of deaminisafcion and urea formation have nothing to do with 
the specific dynamic action of protein. H. W. B. 

Penetration of Neutral Salts into [Animal] Cells. Wilhelm 
von Moellendorff (Koiloid Zeitsch 1918, 23, 158 — 163). — A 
number of experiments on the penetration of solutions of sodium 
chloride, manganese sulphate, uranium nitrate, and potassium sul- 
phate into liver and kidney cells of animals are described. The 
experiments show that sufficient of the salts penetrate to produce an 
intracellular precipitation of the acid colour substances contained in 
the cells. This precipitation is identical with the action of neutral 
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salts on semi-colloids and is characterised as a diminution of the 
dispersion. The process indicates that the cell walls are permeable 
to neutral salts. The process is in keeping with the theory of a 
sponge-like structure for protoplasm. J. F. S. 

Synthetic Capacity of the Mammary Gland. I. Can 
this Gland Synthesise Lysine ? E. B. Hart, V. E. Nelson, ami 
W. Pm (J. Bid. Ghent., 1918,36, 291— 307).— Rats fed on a lysine- 
free diet of zein and tryptophan with noil-nitrogenous substances are 
able to give birth to their young, but appear to be unable to rear 
them. It is considered that these results are due to the failure oi 
the mammary glands of the rats to produce sufficient milk, owing 
to the absence of the lysine necessary for the formation of the 
protein normally present in rat’s milk, H. W. B. 

Vitamins Studies. II. Does Water-soluble Vitamine 
Function as a Catalase Activator ? R. Adams Dutches and 
Ferdinand A. Collatz (/. Biol. Ghent., 1918, 36, 547 — 550. Com. 
pare A., 1918, i, 561). — Vitamine extracts do not increase the cata- 
lytic activity of extracts of liver. The vitamine in the body doe* 
not act as a direct activator of catalase, but seems to stimulate the 
organism to greater production of the enzyme. H. W. B. 

Vitamine Studies. III. Curative Properties of Honey, 
Nectar, and Maize pollen in Avian Polyneuritis. II. Adav> 
Dutches [with L. V. France] (J. Biol . Ghent., 1918, 36, 551 — 555. 
Compare preceding abstract). — Honey contains a small amount of 
the water-soluble vitamine, but the amount is so small that its cura- 
tive effect can only be observed after concentration of the. vitamine 
by adsorption with siliceous earth. Nectar appears to be almost 
free from vitamines, but maize-pollen is relatively rich in this 
respect, small amounts of pollen extract being sufficient to cause the 
recovery of pigeons in the last stages of polyneuritis. It is possible 
that it is the presence of pollen grains in ordinary honey which 
confers on it its small curative power over polyneuritis. H. W. B, 

Quinine in Animal Tissues and Liquids, with Methods for 
its Estimation. W. Ramsden, I. J. Lipkin, and E. Whitley 
(Ann. Trop. Med . Parasitol , 1918, 12, 223 — 258. Compare Raras- 
den and Lipkin, A., 1918, ii, 251; Hartmann and Zila, A., 1918, 
i, 328). — The method previously described by Ramsden and Lipkin 
is applicable to the estimation of quinine in most tissues, but not 
in liver and brain. Given in large doses, the alkaloid accumulates 
in most tissues (particularly the suprarenals and kidneys) much more 
than in the blood, where three-fourths js in the serum but scarcely 
any in the red corpuscles; 90% of an intravenous dose leaves the 
blood in the first minute after injection. Quinine resists putre- 
faction in urine and faeces, but is rapidly attacked post mortem by 
the liver, presumably in a manner identical with the normal fermen- 
tative process of quinine metabolism during life. In a succession of 
large doses by the mouth more than 90% may be so metabolised. In 



VEGETABLE PHYSIOLOGY AND AGRICULTURE. l\ 107 


man there is considerable idiosyncracy, both as regards the rate of 
excretion and the concent ration in the blood; high concentration 
in the blood is associated with the symptoms of quinine intoxica- 
tion. Quinotoxine is attacked by the liver like quinine, but some 
at least is excreted unchanged by the urine. G. B. 

Creatinuria . I. Exogenous Origin of Urinary Creatine. 

II. Steenbock and E. G. Gross ( J . Biol. Chem, } 1918, 36, 
J65 — 289). — Experiments on pigs are described, the results of which 
indicate that creatine is formed from a precursor or precursors in 
the protein molecule. Urinary creatine has an exogenous origin 
only when the protein in the food happens to contain a large pro- 
portion of the creatine precursor. Feeding with excess of a protein 
containing a relatively small proportion of the creatine precursor 
may result in an inhibition of the production of creatine, on account 
of the accompanying diminution in protein katabolism effected by 
the agency of the non nitrogenous portion of the protein of the food. 
In the discussion of the results attempts are made to reconcile the 
numerous apparently contradictory conclusions arrived at by other 
workers on this^ subject. H. W. B. 

Method for the Identification of certain Carbamido-acids 
in the Presence of Amino- acids and of Urea. Alice Rohde 
(7. Biol. Chem ., 1918, 36, 467 — 474). — The method consists in 
(lecoinpsing the urea by urease, and then extracting the carbamido- 
acids, after acidifying with phosphoric acid, by means of ethyl 
acetate. The extract is then distilled with steam and the aqueous 
residue clarified with charcoal and then concentrated to small bulk. 
The crystals of carbamido-acid which separate are identified by the 
melting point, etc. 

A method for the quantitative estimation of these acids by the 
Van Slyke process is based on the fact that the anhydrides formed 
from them are not decomposed by nitrous acid. The difference in 
the volumes of gas evolved before and after boiling the carb- 
amido-acid solution with hydrochloric acid is a measure, therefore, 
of the amount of carbamido-acid present. 

Applying these methods, it is found that after the injection of 
smino-acids into cats, carbarn ido-acids cannot be detected in the 
urine, whilst injected carbamido-acids are excreted in an unaltered 
form. Conjugation of amino-acids with urea preparatory to excre- 
tion does not seem, therefore, to occur in the animal organism. 

H. W. B. 


Chemistry of Vegetable Physiology and Agriculture- 


Autolysis of Starch. W. Biedermann (Fermentfo rsch, 1918, 
2, 200; from Chem. Zentr 1918, ii, 738, Compare A., 1917, i, 62). 
'-Boiled starch solutions after some weeks become infected with a 
bacterium which forms a sulphur-yellow pigment and hydrolyses 
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the starch to dextrose. The bacterium is possibly identical with 
or at least closely related to, Schardingers Ba-cillus maceranl 
The previously recorded autolysis of starch was probably due to 
infection with this micro-organism. H. W. B. 

Azofication. J. E. Greaves ( Soil Sci., 1918, 6, 163 — 217) a 

resume of the literature on the subject of nitrogen fixation by Azotu- 
barter and Clostridium paste aria num. A full bibliography j$ 
appended. W. G. 

Influence of certain Conditions on the Comparative Con- 
sumption of Dextrose and Laevulose by Sterigmatocystis 
nigra, starting from Sucrose. Marin Molliard (Compt. rend., 
1918, 167, 1043 — 1046). — Using a culture liquid in which the 
nitrogen is entirely supplied by one ammonium salt and the ratio 
nitrogen : carbon is 1:16, it is found that the ratio of dextrose to 
teevulose consumed is considerably increased by the presence of 
acid. Similarly, the ratio dextrose to Isevulose consumed ia in- 
creased if the ratio nitrogen : carbon is diminished to 1:160. In 
each of these cases, the weight of mycelium obtained in a given 
time is also diminished. It is considered that laevulose plays the 
principal part in the building up of the tissues. W. G. 

Capacity of Alcohols and Acids to Sustain the Growth of 
Yeasts and other Common Fungi. Th. Bokorny (Allg.Brau 
Jl opj. Zeit 1917, 747; from Bied. Zentr 1918, 47, 191). -The, 
author has collected information regarding the behaviour of fungi, 
yeasts, and bacteria when cultivated in media containing various 
alcohols and acids. All acids exert an inhibiting action on 
fermentation when the concentration is increased to a certain 
limit, which differs for each substance. Formic and oxalic adds 
.are specially toxic. Bases are more poisonous than acids towards' 
yeast. H. W. B. 

Quantitative Estimations of the Enzymic Activity of 
Living Cells, I. H. Euler, O. Svanberg, and S. Heintzk 
(Ferment forsch., 1918, 2, 194—199; from Chem . Zentr. , 1918, 
ii, 746).— At 16°, an increase in p A from the optimum for yeast 
invertase (5'07 to 4*67) to 7’ 7 reduces the activity of the invertase 
from 0*067 to 0*007. E. W. B. 

Influence of certain Substances Extracted from Yeast by 
Alcohol on the Activity of the Yeast Enzymes. Emil 
Abderhalden and E. Schaumann (Ferment forsch., 1918, 2, 
120 — 151; from Chem. * Zentr., 1918, ii, 737 — 738). — An extract of 
yeast, prepared by boiling with 10% sulphuric acid and subse- 
quently treating with alcohol, exerts an accelerating action on the 
enzymic cleavage of sucrose and maltose and on the fermentation 
of dextrose, laevulose, and particularly galactose by yeast. The 
fermentation of lactose is not affected. The activity of carb- 
oxylase is increased. The accelerative action of the extract- is 
observed, not only with living yeast, but in the cases of dried yeast 
and pressed yeast juice. Various fractions can be prepared from 
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the extract possessing diverse degrees of activating power, one of 
the more powerful being termed “ eutonin.” This latter substance 
is prepared by precipitation of the alcoholic extract with acetone, 
and is completely free from phosphorus. The author suggests 
that vitamines may resemble these extracted substances in exert- 
ing an activating influence on certain enzymic processes in the 
body. E. W. B. 

Behaviour of Yeast towards various Carbohydrates in 
various Concentrations, and the Effect of the Addition of 
Amino- acids on the Fermentation. Emil Abderhalden 

( Yennentfonch 1916, 229; from Hied. Zentr., 1918, 47 , 190).— 
The extent of alcoholic fermentation is not affected when the con- 
centration of the sucrose in the solution is increased from 10 grams 
to 30 grams per 250 c.c. The loss in weight is greater when 
alanine is added to the sucrose solution. When dextrose is sub- 
stituted for sucrose, the extent of fermentation is found to vary 
with the concentration of the carbohydrate. When dried yeast is 
employed, a distinct latent period precedes the onset of ferment- 
ation. H. W. B. 

Phytochemical Reductions. XIV. Hydrogenation of a 
Ketone by Yeast. Change of Methylheptenone into the 
Corresponding Heptenol. C. Nkuberg and A. Lewite (Biochem, 
leitsch., 1918, 91, 257— 266). — The change 
CMe 2 :CH*CH 2 *CH 2 , COMe 

into CMe 2 .CH*CH 2 *CH 2 *CHMe'OH takes place to the extent of 
about 10%. The product is sometimes laevorotatory and at other 
times dextrorotatory. There is produced at the same time an 
equimolecular proportion of acetaldehyde. The ketone appears to 
compete with this product, formed as an ordinary intermediary 
product of alcoholic fermentation, for the available hydrogen. 

S. B. S. 

Excitation of Ferment Action. Wolfgang Weichardt and 
Hermann Apitzsch (Biochem. Zeitsch ,, 1918, 90, 337— 347).— A 
criticism of certain statements in literature with regard to excita- 
tion of ferment action, with some demonstrations of sources of error 
in methods of manipulation in experiments on which certain state- 
ments are founded. These refer more especially to the measurement 
of catalase action volumetrically, to the difficulties of measuring the 
same amounts of catalase (or blood), and to the errors in the estima- 
tion of the action of urease due to the neglect of hydrolysis of 
carbamide while distilling off the ammonia. S. B. S. 

The Influence of Aluminium on the Germination of Seeds 
the Development of Plants. Julius Stoklasa with 
■h Sebor, W. ZDOBNicxt, F. Tvmich, O. Hobak, A. Nemec, and 
Cwach ( Biochem , Zeitsch 1918, 91 , 137 — 223). — This com- 
munication contains a very detailed account of the action of 
aluminium, manganese, and iron on the germination of seeds and 
the development of the plants. It indicates, generally, that very 
VOL. cxvi. i 
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small amounts of aluminium salts exert a favourable influence oj 
the germination of seeds, whereas larger amounts exert a toxic 
action. Similar remarks apply to salts of manganese. When large 
amounts of manganese salts exert a toxic action, an antagonistic 
effect can be produced by aluminium salts when the concentration 
of the latter is not too high, and the toxic effect of both ions conies 
into play. A study of the action of these various salts when used 
in the nutrient solutions for growing plants indicated that 
aluminium is very toxic to xerophytes, whereas the hydrolytes and 
hygrophils show a considerable resistance. As regards the meso- 
phytes, a toxic action could be determined in the case of iron ions 
which could be antagonised by aluminium. Aluminium and man- 
ganese ions in sufficiently low concentrations, both together or 
alone, produce a favourable effect on growth; higher concentra- 
tions act toxically. ‘There is no antagonistic action as regards 
toxicity of iron and manganese. The authors deduce from 
their results a mathematical expression for the growth curves, and 
develop a general theory of the action of chemical reagents on 
growth. Measurements were made of the electrical conductivities 
of the salts employed, and comparisons instituted between the 
intensity of action of the various ions and the dissociation grade 
of the salts; a considerable parallelism was found to exist between 
this physiological intensity of action and the conductivities of the 
satt solutions. S. B. S. 

Catalase and Oxydase Content of Seeds in Relation to 
their Dormancy, Age, Vitality, and Respiration. William 
Crocker and George T. Harrington (/. Agric. Res., 1918, 15, 
137 — 174).— The concentration of solutions of hydrogen peroxide 
may readily be measured by determining the volume of oxygen 
liberated on the addition of an excess of powdered seeds contain- 
ing plant catalase. Similarly, the catalase activity of seeds may 
be measured by using an excess of hydrogen peroxide, but in this 
case the latter solution must first be made neutral to phenol- 
phthalein by the addition of N /10-sodium hydroxide. The 
authors have carried out a general investigation as to the condi- 
tions Affecting catalase and oxydase activity of seeds, and find that 
in certain seeds there is a close correlation between catalase activity 
and respiratory intensity, but no correlation between these two 
factors and the vitality of the seeds or the vigour of the resulting 
seedlings. They find that general conclusions cannot be drawn as 
to the catalase behav ior in all seeds, but it seems probable that 
seeds can be separated into several physiological types, for each of 
which more or less general conclusions can be drawn, Catalase 
activity of seeds seems to agree more closely and generally with 
physiological behaviour than does oxydase activity. [See, further. 
J. Soc. Chem. Ind 1919, February.] W. G. 

Distribution of the Mineral Elements and Nitrogen in 
the Etiolated Plant. G. Andre { Compt . rend,, 1918, 167, 
1004 — 1006). — The author has investigated the proportions of 
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jiineral matter and nitrogen . which pass, during etiolation, from 
the cotyledons into the plantule in seeds germinated in the dark 
a n inert medium. The seeds used were white haricot, 
germinated in sand previously extracted with acid and calcined. 
After twenty-five days, the stems being 30 — 35 cm. in length, the 
plants were removed and their roots washed. Their cotyledons 
*ere separated from the stem and roots and weighed separately, 
an d then analysed. The major portion of the calcium remained^ 
in the cotyledons, whilst the magnesium, and to a still greater; 
extent the potassium, had migrated to the roots and stem. Nearly ; 
75% of the phosphoric acid and nitrogen were transported from -Hie 1 
cotyledons to the plantule, and the migration of the sulphur was 
very similar. W . G. 

Mechanism of Assimilation Processes. K, Schaum (Bgr, % 
1918, 51, 1372 — 1375). — The conclusions recorded by 'Willstatter 
and Stoll (A., 1918, i, 207) had been drawn previously by the 
author (Sitewngsber. Ges. Beftird. gesamt. Naturunss. Marburg, 
1907, 158). ' ]C. & 

Colloidal Properties of Protoplasm. Imbibition in RJn- 
tion to Growth. Francis E. Lloyd (Trans. Boy. Soc. Canada, 
1917-18, [iiij, 11, 133 — 139). — Living protoplasm, as such, behagfcs 
towards acids and alkalis in a manner sufficiently like that ?l>f 
gelatin to warrant the view that imbibition is a factor in growth. 
The results in growth are called forth by much lower concentrations 
of the reagents ; this is probably due to the different nature of the 
emulsoids involved. J. F. S. ; 

Conductivity as a Measure of Permeability. W. J. V. 

Osterhout (J. Biol. Chem., 1918, 36, 485 — 487). — Experiments are 
described which are designed to elucidate whether when an electric 
current passes through a tissue, any of the current passes through 
the protoplasm or all through the intercellular substance. Employ- 
ing a green marine alga (Ulva) and a marine flowering plant 
(Zostera), both with cellulose walls, it is found that after killing by 
methods which do not produce irreversible changes in the properties 
of cellulose, the conductivity rises to a constant value and is not 
thereafter affected bv exposure to reagents which produce great 
alterations in the conductivity of living tissues. Moreover, the tem- 
perature-coefficient of the electrical conductivity of living tissue 
differs from that of dead tissue, and the effect of placing a tissue in 
contact with a strong calcium chloride solution is not an increase 
in the conductivity, but a decrease on account of the diminished 
conductivity of the protoplasm killed by the salt more than counter- 
balancing the increased conductivity of the intercellular tissues. 
The alterations of conductivity observed in living tissue aTe due, 
therefore, to changes in the protoplasm, and not to changes in the 
non-living intercellular substance, and as the results obtained by 
the electrical method are in complete agreement with those obtained 
V other methods for measuring permeability, such as exosmosis. 
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diffusion through membranes of living tissue, etc., the author draws 
the conclusion that the electrical conductivity is a measure of the 
permeability of the protoplasm of the cell. H. W. B. 


|ol Diffusion on the Conductivity of Living Tissue. 

JQsterhout ( J . Bid . Chem., 1918, 36, 489 — 490). — Elec- 
kith univalent cations usually produce an increase in the 
| conductivity of living tissues, whilst those with bi- or ter- 
Itions first diminish and then increase the conductivity. 
Ipparent exceptions to this rule have been noted, and these 
Mown to be due to the effect of diffusion. Thus, on trans- 
fessue of Laminaria from sodium chloride to rubidium 
lolution of the same conductivity, the molecules of sodium 
piffuse out of the tissue more rapidly than the larger mole- 
ubidium chloride can diffuse inward. Hence there is a 
deficiency of salt in the tissue, and the conductivity 
dy falls. Reverse effects are produced on transference into 
moride solutions. H. W. B. 


id of Measuring the Electrical Conductivity of 
'issues. W. J. V. Osterhout ( J . Biol. Chem., 1918, 
.5 gg) —Various types of apparatus are figured and 
which permit of the measurement of the electrical conduo 
nvJPTof pieces of living tissue or of intact organisms. Successive 
measurements do not vary more than 1% from the mean value. 

H. W. B. 


The Absorption Curve of the Green Colouring Matter 
in Living Leaves. A. Ursprung ( Ber . Dent. hot. Gcs ., 1918, 
36, 73 — 85). — The absorption curve has been determined by the 
thermoelectric method for the green pigments in a living leaf of 
Tradescantia A very slight absorption occurs in the green part of 
the spectrum, which increases towards the red and the violet ends, 
reaching a maximum in the violet, which is greater than that 
occurring in the red. Towards the red end of the spectrum the 
absorption curve reaches a maximum point between B and C, and 
then falls rapidly towards the ultra-red. H. W. B, 

Significance n of the Wave-length for Starch-formation 
[in the Green Leaf]. A. Ursprung (Ber. Dent. hot. Ges., 1918, 
36, 86 — 100. Com par /preceding abstract). — A comparison of the 
absorption curve with one indicating the extent of formation of 
starch in the green leaf reveals a close parallelism extending from 
the ultra-red to the green part of the spectrum. From this point 
towards the violet, marked divergence is observed; the absorption 
increases to a maximum, whilst the starch-formation greatly dimin- 
ishes. It is probable that the latter phenomenon is occasioned by 
the action of the ultra-violet light on the stomata, which results in 
the reduction of the supply of carbon dioxide for photo-synthetic 
purposes. In a few experiments with leaves containing no stomata. 


VEGETABLE physiology and agriculture, i. 113 


he parallelism between absorption and starch- formation could be 
established as far as the bluish-violet part of the spectrum. 

H. W. B. 

Microchemistry of Plants. X. Siliceous Bodies in the 
Epidermis of Campelia Zanonia, Rich. XI. Crystalline 
Carotin in the Cup of Narcissus poeticus. Hans Molisch 
(Bef- deut. hot, Ges. y 1918, 36, 277 — 281, 281 — 282). — Siliceous 
bodies, similar to those discovered by Mobius (Wiesner-Festschrift, 
Vienna, 1908, p. 81) in the leaves of Gallma repent, are pre- 
sent in the epidermis of Campelia Zanonia. They occur in small 
cells in the leaves and stalks, and are insoluble in acids' except 
hydrofluoric acid. When the leaf is immersed in phenol solution 
or in Millon's reagent, the bodies assume a peculiar red hue, which 
renders them very apparent. These two Commelince, therefore, are 
related, not only botanically, but also in a pronounced chemical 
manner. 

The red colour in the rim of the cup of Narcissus poUicus is found 
to be due to the presence of accumulations of carotin crystals in the 
cells. ’ H. W. B. 

The Phenol of the Leaves of Coleus amboinicus, Lour 
(C. Carnosus, Hassk.). F. Weehuizen (Bee. trav. chim ^18, 
37, 355 — 356 ; Pharm. Weekblad , 1918, 56, 1470— 1472).— The 
essential oil of Coleus amboinicus contains a phenol which the 
author has identified as carvacrol. W. G. 

Presence of Hydrogen Cyanide in a Fern, Cystopteris 

alpina. Marcel Mirande { Compt . rend., 1918, 167, 695 — 696). — 
The fern, Cystopteris alpina , Desv,, contains in its leaves a cyano- 
genetic glucoside which under the influence of an enzyme, also 
contained in the plant, is hydrolysed, and yields hydrogen cyanide 
and benzaldehyde. The proportion of hydrogen cyanide given by the 
leaves is lowest in the early part of September (for example, 0’0il%). 

C. A. M. 

Production of Glycine by Isaria densa. Marin Molliard 
(Compt, rend., 1918, 167, 786 — 788).— The fungus Isaria densa, 
when cultivated on gelatin decomposes it, giving glycine, the yield 
of this amino-acid being equivalent to 33% of the gelatin decom- 
posed, whereas by acid hydrolysis gelatin only yields 16*5% of 
glycine. Similarly, this fungus decomposes fibrin, giving 38% of 
glycine, and also ovalbumin, serum-albumin, and casein, giving on 
an average 33’ 6% of glycine. W. G. 

Sterilised Poppy Juice. L. B-euttek de Kosemont ( Schweiz , 
Apoth. Zeit 1918, 56, 55—56; from Chem. Zentr 1918, ii, 89, 
^36—737). — The results indicate that certain alkaloids exist pre- 
formed in poppy juice and are not the products of subsequent 
fermentation processes. Qn distillation in a vacuum, poppy juic§> 
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gives off formic and acetic acids, and, after subsequent treatment 
with sodium hydroxide, ammonia, .pyrrolidine, and rnethylpyrrol- 
idine. By extraction of the tarry residue, several basic substances 
including codeine but not morphine, are obtained. Light petroleum 
extracts pyrrolidine, benzene, a yellow liquid , (C 8 H 3 0 4 N)j., auri- 
chloride, in. p. 231°, chloroform, a yellowish-brown powder , 
(C 3 H 7 O 0 N),., and amyl alcohol, a solid alkaloid (CoHgO^N)*. The 
residue is soluble in dilute hydrochloric acid, and from the solution 
sodium hydroxide precipitates a colourless substance , (CHO a N)j. 
Lactic, meconic, and oxalic acids, together with dextrose, were also 
detected in the original juice. H. W. B. 

Vegetable and Animal Fats and Waxes. II. Albert 

B. Weinhagen (Zeitsch. physiol . Chem ., 1918, 103, 84 — 86. Com- 

pare A., 1918, i, 56). — The solid fat isolated from rice bran does not 
contain any glycerol, whilst the liquid oil contains only about 
1-7%. H. W. B. 

Oxydases : with Special Reference to their Presence 
and Function in the Sugar cane, Ram.ti Naraw (Agric. J. 
India, 1918, 47 — 64). — Laccases and aldehydase are found to be 
present in the cane, but tyrosinase is absent. The author finds that 
the ^irect guaiacum reaction depends more on the presence of a 
peroxide than on that of catechol. As a preservative for oxydase>, 
chloroform is far more satisfactory than either ether or toluene. In 
the cane the lower portions show a greater oxydase activity than the 
upper portions, and thus the oxydases are stronger in that part of 
the plant where the sugar is stored. Similarly, the leaf and the 
adjoining green portion of the cane are richer in oxydase than the 
stem. The oxydases are not destroyed by boiling the extract con- 
taining them for fifteen minutes, although they take some time to 
recover their activity after cooling. Similarly, a reducing agent 
such as hydrogen sulphide only temporarily inhibits their activity 
but does not destroy it permanently. The author considers that 
oxydases are not enzymes in the true sense of the word. W. G. 

Gaseous Products of the Putrid Fermentation and the 
Odour of Truffles. I. Guareschi ( Gazzetta , 1918, 48, ii, 
98 — -106). — The gaseous or highly volatile products emitted during 
the putrefaction of truffles are mostly absorbable by soda lime (com- 
pare A., 1916, ii, 324, fr^). Those not so absorbed have the odour 
of the fresh truffle, suen odour being due to one or more gases or 
volatile compounds, which are f ormed by the putrefactive alteration 
of the proteins, but are not yet identified. T. H, P 

Action of Coal Gas on Plants . IV . Action of Coal Gas on 
the Root Systems of Trees. Cause of the Action of the Gas. 

C. Wehmer (Ber. Dent. hot. Ge$. } 1918, 36, 140 — 150. Compare 

1917, i, 618). — The experiments on the effects produced by pass- 
ing gas through soil containing the roots of plants have b«en 
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extended to small trees in pots. It is found that the effect produced 
•’ dependent on the season of the year in which the experiment is 
performed; it completely kills the tree in the spring; in autumn 
the leaves fall off, but the tree remains alive, whilst in winter no 
pernicious effect is observable. When the soil is replaced by a 
solution of salts, similar toxic effects are observed. The toxicity 
appears to be due to one or more constituents of the gas, and not to 
mere absence of oxygen. Any treatment of the gas which removes 
its peculiar odour also abolishes its toxicity, a result which seems 
to show that the toxic agent is that constituent of the gas which 
confers on it its characteristic odour. H. W. B, 

Soil Acidity as Affected by Moisture Conditions of the 
Soil, & Ih Conner ( J , Agric. j Res., 1918, 15, 321 — 329). — The 
acidity of acid soils, kept finder different conditions of moisture in 
pots for a year, varied with the different conditions of moisture for 
a given soil. Soils rich in organic matter showed the greatest acidity 
alter being kept fully saturated, whilst soils poor in organic matter 
showed the greatest acidity after being kept half-saturated. The 
potassium nitrate extract from the fully saturated soils contained 
more soluble ferrous iron and manganese, but less aluminium, than 
the other soils. Thus the measurable acidity of acid soils varies to 
a large degree under different conditions of moisture and aeration, 
but this variation is due to chemical rather than to physical changes 
in the soil. W. G. 

Determining the Absolute Salt Content of Soils by 
Means of the Freezing-point Method. George J. Bouyoucos 
and M. M. McCool (J. Agric . Res. t 1918, 15 , 331 — 336). — The 
authors find that at a comparatively high content of moisture, the 
influence of the unfree water on the concentration of the soil solu- 
tion is practically negligible. The freezing-point method can there- 
fore be used to determine the absolute salt content of soils by bring- 
ing them to a suitable content of moisture before determining the 
depression of the freezing point. [For details, see J. Sac. Chem . 
Ind.j 1919, February.] W. G. 

Hydrogen-ion Concentration Soil Type Common 

Potato Scab. Louis J. Gillespie and Lewis A. Hurst! (Soil. 
Sci., 1918, 6, 219 — 235). — The authors find that the electrometric 
method (compare Gillespie, A., 1916, i, 303) and the colorimetric 
method of Clark and Lubs (compare J . Bad., 1917, 2, 1, 109, 191) 
for determining hydrogen-ion concentration of soils give results 
which are in agreement within the limits of experimental error. It 
is necessary to add 1 or 2 c.c. of water to each gram of air-dry soil, 
but this addition of water does not seem to be a serious limitation. 
From an examination of a large number of soils the authors find a 
close correlation between the hydrogen-ion exponent and the occur- 
rence of common potato scab. With an exponent below 5*2, scab 
seldom appears, but with exponents much above this figure the 
potatoes are generally scabbed . W. G. 
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Chlorine Index as 
Richness of Soils 


a Comparative Measure of th* 

, n --- ^ Humus. L. Lapicqpe and E 

(Compt rend., 1919, 168, 118-121).— The authors find that tt 
amount of an aqueous solution of sodium hypochlorite decompose* 
m a given tame by a given volume of soil varies considerably,^, 
the sod taken, and that this estimation forms a rough method If 
placing the soils in the order of their probable richness in hiSL. 

»nte V niTthiS nne *** »**>** 

W . G. 

Importance of Mould Action in the Soil. Selman * 

1918 ’ ?’ W-MB^-lfooU. have been isolated 
m large numbers from cultivated and uncultivated soil Bv fh 
growth of their mycelia, changes in th« organic and inorganic con 
stituenta of the soil are brought about, but no nitrification or Na- 
tion of nitrogen is effected. Not much ammonia is produced in 
presence of available carbohydrate as a source of energy as it i, 
absorbed m the formation of mould protein, but in the absence 0 
carbohydrate considerable amounts of ammonia are left in the soil 
Carbohydrates are decomposed with the formation of carbon dioxide 
Moulds exercise an unfavourable effect on soil fertility in that thev 
compete with green plants for available nitrogen compounds On 
the other hand they exercise also a beneficial effect on account of 
their large production of enzymes and acids, which produce further 
changes in soil constituents favourable to the growth of green plants. 
[See (/. Soc. Chew. . Ind. f 1919, February. j J H J 

Nitrogen Compounds in -Rain L and Snow. Frank T 
bHUTT and R. L Dorsance (Trans. Boy. Soc. Canada, 1917-1918 
[mj, 11, bd— 72). A senes of analyses of snow and rain which 
have fallen m or near Ottawa during the years 1908—1917 is 
recorded. The analyses deal with the nitrogen compounds, and 
are expressed as parts of nitrogen per million as (i) free ammonia 
(u) albuminoid ammonia, (Hi) nitrates and nitrites. The average 
of these for the ten years is 0 461 nitrogen as free ammonia 0T3S 
as albuminoid ammonia, 0-277 as nitrite and nitrate. This cone- 
sponda with 6*583 lb. of nitrogen per acre. A further analysis 
of the results for the various months is also given, from which it 
is shown that snow is decidedly poorer in all forms of nitrogen 
compounds than rain (compare A., 1915, i, 636). J. F S. 

Composition of the Waters of the -Inter-Mountain Region. 

fnnf ?™7*\ and , ° ■ T - Hibst V- Ind • En 9- 0*«t, 1918 10, 
1001 1004),— Analyses of a large number of river waters are 
recorded, the majority of which are used for irrigation purposes. 
Whiht some of the waters are free from objectionable constituents, 
others, although good at their source, were found to contain large 
quantities of alkali sulphates, etc., after flowing through a dis- 
trict nch in soluble salts. The effect of these saline waters on 
vegetation is discussed. WPS 
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The Optical Behaviour of Water of Crystallisation. 

0the Bkiegeb (Ann. Fhysik , 1918, [iv], 57, 287 — 320).— Experi- 
ments have been made to compare the reflection intensities of 
crystals of a number of hydrated salts in the infra-red region, 
\-2'o — 7*0 p, with that of water. The reflection curve for water 
shows a well-marked maximum intensity at A = 3*07p, and very 
similar maxima are found for hydrated crystals (compare Schaefer 
and Schubert, A., 1916, ii, 505). Of the nine isomorphous alums 
examined, eight show two maxima in the intensity curves in place 
of the single water maximum at 3*07 ft, their positions being near 
3-02 fi and 3*51 p, but differing slightly in the different alums. 
The curve for caesium alum, however, shows a third maximum, and 
jq this respect is abnormal. The water maximum at A = 6 22p also 
becomes doubled in the case of the alums. 

As examples of uniaxial crystals, the hexahydrated nickel 
sulphate and selenate (tetragonal trapezohedral) were examined. 
In the case of these salts, the water maximum is shifted only 
slightly. The intensity of the reflection depends on the position 
of the optic axis relative to the reflecting surface, the water of 
crystallisation exhibiting dichroism. Similarly in the case of mono- 
clinic crystals of the magnesium sulphate and zinc-ammonium 
sulphate groups, the reflection properties are closely related to the 
optical properties, the water being trichroic. It is concluded that 
the symmetry properties of the water in hydrated salts correspond 
with the symmetry of the crystals. The bearing of the results on 
Werner’s theory of the constitution of hydrated salts is discussed, 

Preliminary experiments with analcime indicate a shift of the 
water maximum towards the shorter wave-lengths, whilst in every 
other case the shift is iu the other direction. Further experiments 
may be expected to throw light on the constitution of the zeolites 
generally, especially with regard to the state of combination of the 
water which they contain. E. H. R. 


Effect of the Electric Field on Spectrum Lines. VII. 
The Fowler Helium Series. J. Stark, 0. Hardtkk, and G. 
Liebert (Ann. Pky&ik , 1918, [iv], 56, 569 — 576. Compare Fowler, 
A., 1913, ii, 811).- -The effect of an electric fifeld on the lines 
A 3203 and A 2733 of the Fowler helium series has been studied. 
The effect is compared with that on the Balmer hydrogen series, 
and it is shown that both effects are very similar, the lines in both 
cases' being symmetrically resolved into their components. The 
intensity of tie two components is equal. J. F. S. 


Effect of an Electric Field on Spectrum Lines. VIII. 
Hew Principal Series of Helium Lines which Appear in 
the Electric Field. J. Stark (Ann. Physik , 1918, [iv], 56, 
^"“588. See preceding abstract). — Luring an investigation of 
the influence of an electric field on the helium spectrum, two new 
V 0L. cxvi. ii. 2 
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principal series of lines were discovered. The lines of the first of 
these, the He I principal diffused series, are given by the formula 
v-£z(li,)-Lz{m,d). in the e!6ctric field, the lines of this series 
are resolved in such a way that the components do not lie sym- 
metrically, but are displaced about 1 A, unit in. the direction of 
shorter wave-lengths. The second new series of helium lines, the 
He 7 sharp series, is represented by the formula v—Ez{h)~ Lz(nifi) t 
The lines of this series in an electric field were not resolved into 
several components, hut were displaced towards the longer wave- 
lengths. The He + ion possesses twelve series, which can be 
arranged in two systems of six series. In each system there are 
three principal series with the same end-number, and three sub- 
sidiary series, also with the same end-number, J. F. g ( 

Effect of an Electric Field on the Ultra-violet Lines of 
Helium. G. Liebert {Ann. Physik, 1918, [ivj, 56, 539 — 609. gee 
preceding abstracts). — The ultra-violet lines of the principal series 
He I are displaced towards the red end of the spectrum under the 
influence of an electric field. Both the components undergo the 
same amount of displacement. The lines of the second subsidiary 
series are displaced without resolution toward the red by an 
electric field. In this case, the displacement is rather more than 
the proportional amount. The lines of the principal series He H 
are displaced toward shorter wave-lengths by an electric field. In 
the case of the third subsidiary series of He 7, a displacement of 
the lines toward longer wave-lengths is brought about by an 
electric field. J. F. S. 

A New Helium Series under the Influence of an Electric 

Field. G. Liebert {Ann. Physik , 1918, [iv], 56, 630—616).— 
Corresponding with the third He 1 series, a subsidiary He II series 
becomes visible in a strong electric field, whereas in a weak electric 
field it has no noticeable intensity. The electric effect on every 
member of the principal series corresponds with the effect on the 
similar member of the subsidiary series. The lines of the sub- 
sidiary series, like those of the principal series, are displaced 
toward the shorter wave-lengths. J. F. S. 

Spectrum of the Chromosphere. An Eruptive Protuber 
ance of the 6th July, 1917. P. Carrasco (Anal Fit. Qum, 
1918, 16, 700 — 706). — A comparison of the author’s observations 
of the chromosphere . pectrum with the results of Rowland and ot 
Adams. The presence of the helium series 6678' 1, 4922*1, etc., to 
noted as a characteristic of. the spectrum. The helium senes 
7665*6, 4713*2, etc., was not observed. W. S. M. 

Optical Researches on the Constitution of Sulphurous 
Acid, its Salts and Esters. Konr. Schaefer [with Willy 
Kohler] (Zeitsch. anorg . Chem ., 1918, 104, 212 — 250 ).— Aqueous 
solutions of sulphur dioxide show an absorption band in the ultra- 
violet in. the same position as the band given by sulphur dioxide 
gas, although somewhat broader. Beer’s law is not followed, tue 
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baud becoming much shallower with increasing dilution n, 
absorbing substance in aqueous solutions is a hlw . , ril6 

dioxide, ijO a ...OH 2 , which appears to !„ „ ydrate of sulphur 
dioxide itself. Since the normal sulphites and Th l^“ sulphur 
EfS0 2 '0Et and SO(OEt), are both n . 3Ul P hlte 
violet, it is concluded that "sulphurous acid iteelTis “* t® ultra ' 
both in the unionised and foj 

absorbing power of solutions of sulphur dioxide on ^f“ mshea 
attnbuted to a change of equilibrium from l»fr , u . d ‘ iutlon is 
equation SO,... OH, = H,SO„ left ^, n g ht “ tie 


equation S0 2 ...0H 2 := iiSy Tt7 a ™ Jett “ - - 

very little sulphurous acid, and it is consider'd that*^ C ° Utai “ S 
o f the ion concentration in sulphur dinvid if* m6asure ments 
* ^ If* ^eas regarding tCC'Lt 

icid, and consequently of the strength of the acid * SUlpburoUs 
At higher temperatures, solutions of sulohiTr A a , 
aore strongly, owing to a shift in tb* . f ur dioxide absorb 

quatiou towards tkl loft SM^ly \ST f ab -e 
o an aqueous solution of the gas m™,« , , 01 , of sulphuric acid 
a the lame manner, but only tea *4 ° f tbe baad 

ulphunc acid exceeds 5,V, th^absorotinn ^ Wben the 
,bly owing to dehydration, in the sen^e SO^OH^an 3 ’ pr ° b ‘ 
he free sulphur diox.de being a IT tit, 1* ~l SO f R * 0 ’ 
lydrate. In pentane and chloroform S absorb er than its 

imilar to that of the free gas and I Ha °, k™ 3 ’ tbe absorption is 
■ solutions of methyl Lfd khvl fo “ow Beer's law. 

bsorption is much i/cre“ed and in 1 and ® th y 1 *ther, the 
hand passes into general absorption in ti h® 6 °f , ethjl etll6r the 

nous also follow Beer’s l aw Id "t is “ Tbese «**- 

pounds of the type 0 2 S...0HEt and 0 ^ stable °° m - 

such solutions. oS •*OEt 2 must be present in 

* m ^Stur n ‘ y ^ abSOTP . ti0n “ tba ultra- 

neutralised with sulphuric acid n thT a r iU ,! pbite solutlon h> half 
sulphite solution at first shorn, nnl a ® su Itmg metal hydrogen 

4, particularly but after a 

taud develops. When the metal hvd* °* lgh | t '’ , tbe su) phur dioxide 
IW, by miring solutLs of i f 0 ® 611 sulpblte is formed, how- 
*d i vZt ilZedTatelv f UI ; r ^ and uo ™ al sulphite, the 
rteu freshly prepared show. A solutl ™ of potassium pyrosulphite 
^•violet, y bSt ' the U ab , sorptlOD » the extreme 

»*M sulphite which in tfT Sifflil arly, sodium 

3°u in ann i m ethyl alcohol shows only end abcom 

n presented by ale 'schemed a< * Ue0U3 suIp!lur dioxide solutions 
0 !~S(L..OH, 
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The hydrogen sulphite ion, HSO/ is probably unstable and under, 
goe-s transformation into sulphurous acid and SO/, thus 
2 HS 0 3 / =S 03 // + H 2 S0 3 . The sulphurous acid then comes into 
equilibrium with sulphur dioxide hydrate in the sense HgSOg ^ 
S0 2 . ,.H 2 0. These changes would explain the gradual develop- 
ment of the absorption band in hydrogen sulphite solutions. The 
view is expressed that the sulphite ion, [SO s /, has a symmetrical 
constitution, and hence also the normal sulphites. This view 
supported by the observation that selenious acid and the dialkyl 
selenites have similar absorption spectra to the normal sulphites 
(compare A., 1917, ii, 61, 186; 1915, ii, 389). E. H. R. 

The Ethylene Chromophore. H. Ley (Ber., 1918, 51 
1808 — 1819. Compare Ley, A., 1917, i, 261; Kauffmann, ebenda. 
391). — The absorption spectra of styrene, stilbene, and cinnamic acid 
and their derivatives have been studied. Bathochromic effects are 
produced by the introduction of a methyl, methoxy- or ethoxy-groap 
in the w-position in styrene, whilst a hypsochromic effect results 
when the methyl or ethoxy-group is substituted in the a-position- 
hypsochromic effects are also observed with 7-methylstilbene 
j9-methylcinnamic acid, /3-ethoxycmnamie acid, and a-methvl- 
cinnamic acid as compared with the parent substances. 

Attempts are also made to connect absorptiometric anomalies with 
abnormal values for the molecular refraction. The esters of a- and 
/3-methylcinnamic acid are less absorbent than the parent substance 
and have lower values for the exaltation ^a. -Methylstyrene has an 
absorption similar to that of styrene, and its refraction anomaly is 
of the same order. With the hydroxy-derivatives a somewhat similar 
parallelism is observed, the hypsochromic effect of the ethoxy-group 
in the a-position corresponding with a distinct diminution of the 
exaltation. Since, in general, an increase in refractive and disper- 
sive power corresponds with an increase in the unsaturated nature 
of the compound, the explanation of the “ disturbing ” action of 
substituents on the absorption spectra of substances by the assump- 
tion of alteration in the degree of unsaturation appears to receivf 
further support. 

The extinction-coefficients of chloroform solutions of 1:3: 5-tri- 
nitrobenzene and styrene, a-ethoxystyrene, jS-ethoxystvrene, and 
j8-methoxystyrene respectively have also been measured, but the 
results scarcely lead to a definite conclusion. 

Kauffmann’s criti ism of the author’s views ( loc . cit.) is reviewed. 

H. W- 

Crystalloluminescence. II. Triholuminescence and 
Crystallo luminescence. Harry B. Weiser (J. Physical Chem,. 
1918, 22, 576—595. Compare A., 1918, ii, 419).— For the further 
investigation of the relationship between crystalloluminescence and 
triboluminescence, the phenomena have been studied with crystal? 
of arsenic trioxide and the double sodium-potassium sulphate 
2K*S0 4 .lSra 2 S0 4 . In each case the colour of the light emitted by the 
crystals during rapid formation (crystalloluminescence) and tba 
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produced by rubbing or crushing the crystals (triboluminescence) 
[ave been determined by photographing through an appropriate 
series of light filters, and it is shown that the light rays resulting 
from the two phenomena are identical in colour, that from arsenic 
trioxide differing considerably, however, from that from the double 
salt. The colour of the luminescence is therefore a specific property of 
the compound. The phenomena are held to he chemical in origin, 
Crystallolumineseenee, which is only exhibited by a few inorganic 
compounds, is due to the rapid re-formation of molecules broken up 
bv the process of electrolytic dissociation. Triboluminescence is due 
to the re-formation of molecules broken up by the violent disruption 
of crystals. Whilst all crystalloluminescent substances are also tri- 
boluminescent, the reverse is not true. In certain newly-formed 
crystals a state of strain may exist, and if outside force is applied to 
such crystals before the internal forces have become adjusted, violent 
disruption of the crystal may ensue, with consequent molecular 
decomposition and triboluminescence. The intensity of the tri- 
boluminescence depends on the force needed to break up the mole- 
cule and the magnitude of the conversion factor for light in the 
luminescent reaction. E. H. R, 

Spectrum of the Ruby and Emerald. IV. Spectrum 
Phenomena in the Chromium Compounds. James Moir 
(Trans. Roy. Soc. S. A fricci, 1918, 7 , 129 — 130). — It has been shown 
previously (ibid., 2 , 321 ; 3 , 271, 273 ; 4 , 339) that the almost unique 
spectra of ruby and emerald are due to chromium oxide which has 
been compelled to vibrate in an abnormal or constrained manner 
leading to the production of narrow absorption bands ; the constrain- 
ing substance in the case of the ruby is crystalline alumina and in 
the case of the emerald it is glucinum silicate. The present com- 
munication describes attempts to induce the constrained vibration 
of ordinary chromium oxide by artificial means. Suitable methods 
consist in dissolving chromic oxide in concentrated sulphuric acid 
and gradually adding an organic substance, such as starch, until the 
orange colour has changed to deep green or, more strikingly, by 
replacing the sulphuric acid by glacial phosphoric acid. It would 
appear possible to get a very close imitation of the emerald spectrum 
by the latter process, but the ruby spectrum, on the other hand, has 
not been reproduced except by means of alumina. 

Concentrated hydrochloric, nitric, perchloric, formic, acetic, and 
citric acids did not yield very characteristic results, although a faint, 
hazv hand at A 6800 was seen in several of these solutions. IT. W. 

A New Electrometer for the Measurement of Radioactivity. 

B. Szilard (A nal, Fis. Quim 1918, 16 , 690 — 699). — A detailed 
description of a new improved electrometer of the attracted alumin- 
um needle tvpe especially adapted for radioactive measurements. 

W. S. M. 

^Radioactivity of some Canadian Mineral Spring's. 

-!• Satterly and R. T. Elworthy (Trans. Roy. Soc. Canada , 
1917—1918, [iii], 11 , 17 — 26). — The water of some sixty mineral 
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springs has been examined with respect to its content of radium 
emanation and dissolved radium. Measurements of the rate ^ 
flow and temperature of the water are also given, together wi^ 
the nature of the strata. The emanation content varies km 
11*2x10- 12 curies* per litre to 345 x 10“ 12 curies. The dissolved 
radium varies between the merest trace and 46X10- 12 gram p er 
litre, although in most cases the amount is very small. A tabular 
comparison is given between the factors for these springs and those 
of American and European springs. Thermal springs are shown 
to be more active than the cold springs. J. p 4 § 

The Radioactivity of Mud from Rockanje. E. H. BOcrseis 
(Ckem. Weekblad , 1918, 15, 243 — 246). — Examinations of samples 
of mud from the Waal lake, near Rockanje (A., 1913, ii, 8211 
showed proportions of radium of the order of 1 x 10“ lft parts bv 
weight. Subsequent examination in the following year confirmed 
this figure. More recent work on samples of the same material 
by Folmer and Blaauw (A., 1918, ii, 145) indicate a radium con- 
tent of the order generally found in common rocks and deposits, 
namely, 1 x 10" 12 . The author has examined some of the sample? 
tested by Folmer and Blaauw, and confirms their results. The 
discordance between the later figures and the earlier results can- 
not be attributed to differences in the methods of working or to 
experimental error, hut is possibly due to deposition from the river 
water in isolated places of matter containing a high proportion of 
some uranium mineral or its degradation products. S. I. L. 

The Radioactivity of the Mud from Rockanje. A. H. 

Blaauw ( Chem . Weekblad, 1918, 15. 361 — 364). — Biichneris argu- 
ments (preceding abstract) to account for the differences shown bv 
the later analyses in the radioactivity of the Rockanje deposits 
are criticised, and the assumptions of patches of higher activity 
questioned. Other geological arguments suggested by Buchner are 
shown to he incorrect. It is claimed that the later examination 
was complete. S. I. L. 

Ionisation and Resonance Potential for Electrons in 
Vapours of Magnesium and Thallium. Paul D, Foot* and 
Fred L. Mohler (Phil. Map., 1919, [vi], 37, 33 — 50).— The ion- 
isation and resonance potentials for electrons in vapours of ■mag- 
nesium and thallium have been measured by the Tate modification 
of the Franck and Hertz method. The experimental values for 
magnesium vapour were 2*65 volts and 7-75 volts for the resonance 
and ionisation potentials respectively. The values calculated from 
the quantum relation hv — eY are 2*70 volt-s and 7'61 volts 
respectively. In the case of thallium vapour, the values 1*07 volts 
and 7*3 volte were obtained for the resonance and ionisation 
potentials respectively, The theoretical value for the former 
quantity is 1*07 volts, whilst that of the latter is unknown. 
ionisation potential for magnesium is obtained from the limit of 
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the combination senes VoS~mp 2 , and the resonance potential is 
determined by the first line in this series, m = 2. In the case of 
thallium, the resonance potential is determined by the shorter 
wave-length member of the first tern of the principal series of 
doublets. No known series in thallium has a convergence fre- 
quency greater than 49,263. The observed ionisation potential for 
thallium suggests the presence of an undiscovered series of single 
lines converging at v= 1-55=57,000 to 60,000. The present work 
offers evidence that the single line spectra of magnesium and 
thallium are A = 4571 and 11,513 A. respectively. The general 
behaviour of the metals as regards ionisation and resonance 
potentials appears to be identical for metals in the same group of 
the periodic table. In the case of thallium, the component of the 
doublet having the higher frequency determines the value of the 
energy quantum absorbed by the atom. This fact suggests either 
the possibility of separate excitation of the components of a doublet 
by electronic impact or a behaviour of thallium vapour, thus 
excited, analogous to the emission of characteristic X-rays, for 
which the K group does not appear until the energy of the impact- 
ing electrons is greater than that corresponding with K r The 
authors have ' obtained a value of Planck’s constant, h, by the 
method of ionisation and resonance potentials. Using thirteen 
determinations on seven different metals, the final mean value 
A = 6’55 x 10 -27 erg. sec. was obtained, which is in excellent agree- 
ment with recent determinations by other methods. The question 
of photoelectric sensibility of metallic vapours has been briefly 
discussed, and recent work on ionisation and resonance potentials 
has been considered critically. jpg 

The Emission of Positive Electricity by Salts of the Alkalies 
and Alkaline Earths under the Influence of Canal Rays. 

W. Volkek (Ann. Physik , 1918, [iv], 57 , 257— 277).— It is shown 
that when a suitably prepared thin layer of lithium chloride or of 
calcium sulphate, connected with a conducting system, is subjected 
to bombardment by canal rays, the induced currents can only be 
explained on the assumption that, when the cathode fall of 
potential exceeds a certain limiting value, positive charges are 
emitted by the salt. The limiting value of the cathode fall in 
the case of lithium chloride is about 500 volts, and with calcium 
sulphate about 1500 volts. These values correspond with the limit- 
ing values found by Stark and Wendt (A., 1912, ii, 720), above 
which these salts, under the influence of canal rays, emit the 
characteristic metallic series lines. It is concluded that the 
carriers which emit the series lines, which are only observed in the 
space immediately adjacent to the salt, are the positive ions of the 
metallic elements themselves. "R. H. R. 

Measurement of Concentration of Hydrogen Ions and 
a New Form of Calomel Electrode. W. Sturm ( Chem . 
HteJcblad, 1918, 15 , 912-916).-The author has designed a 
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hydrogen electrode which reaches equilibrium in about five 
minutes. This consists of a flask fitted with a rubber stopper 
pierced with three holes. The electrode, which passes through one 
of the holes, consists of a glass tube open at its lower end, and is 
surrounded by a cylinder of platinum gauze. An inner tube 
carries a copper wire connected to the platinum gauze by means 
of mercury, and a platinum wire. Hydrogen enters through a 
tube in the second hole, passes up the electrode, and escapes 
through a side-tube. The third opening carries a thermometer. 
The arrangement has the advantage that the fluid is throughout 
agitated in contact with the hydrogen, which results in a rapid 
equilibrium. The disadvantage, however, is that a considerable 
volume of fluid is required. Oxygen is removed from the hydrogen 
by means of heated platinised asbestos; the presence of small 
quantities of oxygen must he studiously avoided. 

A form of calomel electrode is described in which mercury, 
mercury— calomel paste, potassium chloride crystals, and saturated 
potassium chloride solution are employed ; such an apparatus has 
been in use for eight month? satisfactorily. S. I. L. 

Electrolytic Conductivity in Non-agueous Solutions. II, 
Electrical Conductivity of p Tolyltrimethylammonium 
Iodide in Water and several Organic Solvents. Henry 
Jermain Maude Creighton and D. Herbert Way ( J Franklin 
Inst., 1918, 186, 675 — 698. Compare ibid., 1916, 182, 745). — 
The electrical conductivity of p- tolyltrimethylammonium iodide has 
been determined at 25° in water, methyl alcohol, ethyl alcohol, 
propaldehyde, anisaldehyde, benzaldehyde, acetone, formic acid, 
acetic acid, propionitrile, benzonitrile, nitromethane, nitrobenzene, 
and epchlorohydrin. In the case of some of the solvents, measure- 
ments have also been made at 0° and 18° and the temperature 
coefficient calculated. ^Tolyltrimethylammonium iodide, like most- 
strong electrolytes, does not follow Ostwald’s dilution law in 
aqueous solution, but is approximately in ^ agreement with the 
Storch empirical dilution equation. The ionic conductivity of the 
7 >-tolyltrim ethyl amm oniu m ion at 25° in aqueous solution is 40‘3. 
The equivalent conductivity at infinite dilution has been extra- 
polated for 77-tolyltrimethylammonium iodide in all the solvent? 
used, and it is shown that the values vary from =13 in aids- 
aldehyde to A* =-188 in acetone. Further, the magnitude of this 
value bears a relationship to the chemical constitution of the 
solvent, which may be generally stated thus : the equivalent con- 
ductivity of an electrolyte at infinite dilution, and consequently 
the velocity of the ions, is greater in an aliphatic solvent than in 
an aromatic solvent of corresponding constitution. Thus A r> fa 
nitromethane =115, for nitrobenzene 38; for pronionitrile 143. 
whilst for benzonitrile A-^ =54. In an homologous series, the 
value for A r .. * s greater the nearer the solvent stands to the 
beginning of the series. For example, A^-. for water = 11 6, metbvl 
alcohol J00. ethyl alcohol 48, formic acid 90, acetic acief 25 . Of 
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various substituting groups, the influence of the aldehyde 
aroup on the magnitude of \ <Xi is greatest, whilst that of the 
carboxyl group is the least, as is shown by the series : acetaldehyde 
^ =188, mtromethane 115, methyl alcohol 100, acetic acid 25. 

* j g 

Electrolytic Deposition of Iron from Organic Solvents. 

E. B. Archibald and L. A. Picubt (Tram. Hoy. Soc. Canada , 
^ 9 ^ 7 — 1918, [iii], 11, 107 — 112). — Solutions of ferric chloride in 
acetone, ethyl alcohol and acetone, and water and acetone, have 
been electrolysed by various currents and at various voltages at 
jjo. The experiments were carried out between platinum elec- 
trodes, but in some experiments a silver cathode was employed, 
In all cases, the iron can be completely deposited; in the case of 
acetone and of acetone-water mixtures, the iron is deposited free 
from carbon. At low voltages, the iron is deposited in the metallic 
condition; as the voltage is increased, it comes down as a red 
deposit which is adherent and allows the iron tp be removed from 
the solution. From the acetone-alcohol solutions, the iron, 
although completely deposited, is contaminated with carbon. 
From acetone-water solutions of ferrous sulphate, the iron can be 
completely deposited, but the deposit contains a considerable 
amount of carbon. Aldehyde is not formed duriug the electrolysis 
of any of the solutions. J. F. S. 

Electrolytic Precipitation of Zinc. I). McIntosh (Trans. 
Roy. Soc. Canada , 1917-18, [iii], 11, 113 — 119). — The electrolytic 
deposition of zinc from solutions of the sulphate has been studied 
under various conditions with the object of ascertaining the most 
suitable conditions for obtaining good deposits. It is shown that 
the best results are obtained when the solution is free from colloids 
and when the amount of iron present is low. The metals arsenic, 
antimony, copper, cobalt, nickel, and all metals more electropositive 
than zinc must be absent. The solution, particularly in tanks con- 
taining large amounts of acid, should be cold. The zinc deposits in 
a semi-passive form; but when it begins to dissolve, solution cannot 
He stopped in any simple way. The zinc concentration should be as 
high as possible (6—7%), and no attempt should be made to electro- 
lyse solutions containing less than To — 2‘0% of zinc. With the 
ordinary cascade system the maximum current density is 25 — 30 
amperes per sq. foot. A large number of photographs of deposits 
obtained under varying conditions are reproduced in the paper. 

J. F. S. 

Critical Phenomena. William R. Fielding ( Ghent . News, 
918, 117, 379 — 383). — The relation between the critical pressure 
md critical temperature of an element can be expressed by the 
ormula (7«+ 236*2)/ /P c = 70*9. This relation holds strictly for 
ivdrogen and the members of the halogen group and less closely for 
htrogen and xenon, whilst in the case of oxygen the divergence is 
:c, n$irlerable. For series of inorganic compounds such as that of the 

2 * 
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halogen acids a similar formula holds, (T e -x)j sj P c =k, where x 
k are constants for any particular series. In inorganic compounds 
the critical pressure rises with the critical temperature in any series 
but in organic compounds the pressure falls as the temperature rises 
For a number of organic compounds the value of T c x tj P c has been 
calculated. In higher members of aliphatic series this quantity 
tends to become constant. In the aromatic series of hydrocarbons 
with the introduction of alkyl groups into the benzene ring, it 
decreases, and as the complexity of the alkyl groups increases it 
becomes practically constant. Multiplication of benzene rings ij 
the molecule produces a considerable increase in the value of the 
quantity. E. H. R. 


Calorimetric Lag. Walter P. White (J. Amer. Chem. Soc. 
1918, 40, 1858 — 1872). — Lags may pertain to the thermometer, to 
various portions of the calorimeter, or to outlying bodies, includin'* 
air. In this paper the lag of external bodies, such as a thin metal 
shield surrounding the calorimeter, is treated in a mathematical 
manner. The effects prove to be three : one, equivalent to a change 
in the heat capacity of the calorimeter, which can be eliminated 
by direct calibration of the calorimeter; another, much smaller, 
depending on the amount of thermal leakage, which can be avoided 
by using the adiabatic method; aDd a third, dependent on the 
jacket temperature, which disappears if this is constant. 

On account of the lag effect, the effective heat capacity of a shield 
midway between calorimeter and jacket is only one-fourth its 
actual capacity, and, with due regard to the possibility of change, 
such shields may often be used to reduce thermal leakage. Used as 
a cover, such a shield has a specially small error, and offers a parti- 
cularly easy method of dealing with evaporation. (Compare A., 
1918, ii, 149.) E. H. R. 


The Conditions of Calorimetric Precision. Walter P. 
White ( J . Amer. Chem. Soc 1918, 40, 1872 — 1886). — In a cali- 
brated calorimeter most of the errors arise in thermometric 
measurements, and most of these come in the " cooling correction,” 
the determination of the effect of thermal leakage. The leakage 
effect is equal to E(f> x T, where T is the time, <j> x is the difference 
between calorimeter and environment temperature, and E the 
leakage modulus of the calorimeter. By diminishing E , as by 
mean? of a vacuum, *he effect of errors in is diminished. These 
errors arise from the difficulty in getting the jacket and calorimeter 
temperatures uniform. The advantage of diminishing <f> z , the 
thermal head, is largely illusory, since the main error, that in deter- 
mining K by means of the cooling rate, is little affected. Lags, 
which vary with E and are independent of T and <£, can be made 
to cause little or no error. The rate of stirring should be as uni- 
form as possible, sinc& the heat produced varies as the cube of the 
speed. The type of stirrer and design of the calorimeter with 
reference to stirring may be important. E. H. R- 
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Calorimetric Methods and Devices. Waiter p w 

9- i f er ' G ^ em - Soc -: 1918 < 40 > 1887 — 1898). — The generaTm™ 
for calorimetric precision (preceding abstract) are applied to jadt 
corens and stirrers and to such special devices as vacuum-jacketed 
ressek, the adiabatic method, aneroid or dry calorimeters doubte 
or differential oa onmeters, and measured-shield calorimeters and 
the advantages of the different forms of calorimeter are com 
The measured-shield calorimeter is a new device, having between 
the calorimeter and the jacket a thin metal shield connected to toe 
wall of the jacket by thermo-elements which are used to measure 
the thermal head. E g- ^ 

Sensitive Bath Thermostat. A. Norman Shaw (Trans Ron 
Soc Canada, 1917-18, pill, 11, 129-135).-A thermostat' on ^ 
rather large scale is described which differs but little from the well 
known types. A note on the regulation of temperature is appended 
to the paper. J.RS 

An Accurate Method for Measuring the Density of Gases 

?847 Mj 185 S 2i aI! 'Th J ’ ^1 j mer ' Chem - Soc., 1918, 40] 

1847-1852).--The method described is applicable to the deter- 
mination of the density of those gases which can be condensed by 
liqmd am or some other freezing agent. The purified, dry gas is 
condensed in a suitable vessel, and thence transferred to a large 
exhausted glass flask (about 2£ litres capacity) the volume of which 
is accurately known. The flask has a connection to a manometer 
and the pressure is read at 0°, the flask being immersed in ce 
By a suitable arrangement of tubes the gas in the flask can £ 
ransferred to an exhausted glass bulb immersed in liquid air 
When the gas has liquefied, the bulb is sealed off and weighed and 

evaZrte gh The af nr r haS IT 0pened and the li( l ui ' 1 a ’ low ^ d to 

evaporate. The pressure of the gas remaining in the flask and 

thoTokme o? 63 19 t r f d aft f ‘i’ 6 buIb baS been detachad . to enable 
° f A aS J t . ak , en - Into the bulb to 1,6 calculated. The accu- 

of tee mer™it th -°Vl! lmited V t1w accurac y with which the height 
of the mercury in the manometer can be read. The probable error 

St rSro-Oi? 5%: WiA tHe ° f * * 

crlrin ? 1 ^ 6 0{ P ensit y °f Liquid Mixtures with In- 

m m 05? P o5o % J- (***««* Chen., 

between rfln 1 7'T Th formuIa expressing the relationship 
o^e n density and temperature, l/<f,=a- Jlog(d_ e ), wher i 

>M« and i n 7 4 * e T r u tUre *- 6 is the cr itical temperature, 
tan, r6 c f onstants - ^ found to hold for liquid mix- 

benzene tol 35 ° r -v 016 ,r t" ds ' Different binary mixtures of 
«Pmmenfa ,Tt “ m T and nit ™benzene were used for the 
Wees h«tL te ’ 1 * em P el ? tarea between 25° and 90°, and the differ- 
‘ oetween observed and calculated densities were very small. 

2*— 2 
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The critical temperature 6 of the mixture was calculated from 
those of the constituents, and by means of the formula 
tf^nflj + ^OO-ra^o/lOO, where n and (100 — n) are the percentage? 
of each constituent. E. H. R. 

Molecular Attraction and Attraction of Mass, and some 
New Gas Equations. James Kam (Phil. Mag., 1919, [vi], 37 
65 — 97). — A theoretical paper, in which gas equations are deduced 
from considerations of the actual and theoretical co-volumes. \ 
general equation is deduced which considers the effect of tempera- 
ture on the relation of the co-volumea to the volume. Further 
reduced isothermals and reduced border-curves are considered. ft 
is shown that the cohesive forces causing the “inward pressure 
appear to follow a law similar to the inverse square law of mass 
attraction. From the deviations from the gas laws a value for 
the tensile strength of iron is deduced which is of the same order 
as the experimental value. It is further shown that whatever the 
ultimate nature of the cohesive forces may be, they seem to be 
proportional to the square of the molecular weight and to obey the 
inverse square law— a law consequently similar to Newton’s law of 
attraction of mass. J. F. S. 

Internal Molecular Forces of Solid Substances and their 
Relations with the Elastic Properties. Stefano Pagliam 
(Nuovo Cim. } 1918, [vi], 15, 1 , 103 — 129). — The existence of three 
forms of internal molecular forces in solids is considered and their 
values calculated. The first, F, termed intermolecular force of 
coherence, enters as a factor in the internal work into which 
thermal or mechanical energy can he transformed without change 
in the volume of the substance. The second, w, termed interna! 
pressure, is analogous in character to external pressure, and enter? 
as a factor in the internal work in which thermal energy is used 
with variation of the volume of the substance. The third, called 
intermolecular force of change of phase, enters as a factor in the 
internal work accomplished during changes of phase — in the fusion 
of solids; this force, which acts at the temperature of fusion, where 
Lindemann considers that the amplitudes of the atomic oscillations 
about their equilibrium position become of the same order of mag- 
nitude as the mean distance between the atoms, appears to be of 
the same nature as F, which acts with definite values at different 
temperatures. 

The magnitude o' Hhe force F exhibits relationships with the 
values of some of the magnitudes considered in the study and appli- 
cations of the elastic properties of solids. The simplest of the?? 
relations with the moduli of elasticity of tension E, of rigidity ft, 
and of flow N are as follows: ^ = 1*70 F or approximately 
7?=5F/3, n = F/ir, and N-2Fjtr. The relatively great value of 
the ratio between E and F depends on the fact that the load £ 
which should double the initial length of the solid, is only an ideal 
load unattainable in practice. It is hence more accurate to replan 
E in technical formulae by F, this being a real magnitude the value 
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of which at different temperatures may be calculated by means of 
physical magnitudes exactly measurable; a number of expressions 
m given in which this substitution is made. The modulus of 
elasticity for each species of deformation is found to be directly 
proportional to the molecular force of coherence. T. H. P. 

The Adsorption of Arsenious Acid by Ferric Hydroxide. 

jJaitland C. Boswell and J. V. Hickson (J. Amer. Chem. Soc 
1918, 40 , 1793 — 1801). — The adsorption of arsenious acid from 
olution, by ferric hydroxide which had been prepared several 
iionths previously, lias been studied both in presence and absence 
ff sodium hydroxide. The adsorption of the arsenious acid by the 
erric hydroxide is diminished by the presence of sodium hydroxide, 
vhilst the adsorption of the sodium hydroxide is itself increased 
jy the presence of the arsenious acid. The age of the ferric hydr- 
ide and the addition of sodium chloride appear not to have anv 
effect on the quantitative data recorded. 

The results follow only approximately the “ adsorption law,” 
, where E is the concentration of the adsorbed substance 
In the adsorbing phase, A its concentration in the solution at 
equilibrium, and J3 and p are constants. The equation can be 
written log E—plog A -f B. Hence if the logarithms of the con- 
centrations in the adsorbent and the solution be plotted, a straight 
line should be obtained, the slope of which gives the value of p 
whilst the intercept gives the value of 2? "log/ 9. The curves thus 
obtained from the results of the authors’ experiments approximate 
to straight lines, but all show a distinct concavity to the x or log A 
axis. The adsorption phenomenon cannot be exactly represented 
bv the above equation. The adsorption of arsenious acid by ferric 
hydroxide was also studied by Mecklenburg (A., 1913, ii, 676), who 
concluded that the adsorption curves for any particular gel pre- 
pared under varying conditions are so related to a unit curve that 
the ratio of any ordinate on one curve to the corresponding ordin- 
ate on the unit curve is a constant. The authors interpret this to 
mean that the exponent p in the equation E — &A v is constant for 
any particular gel, whilst $ is a variable depending on the condi- 
tions of preparation of the gel. The values of p calculated from 
the authors’ and Mecklenburg’s results agree when arsenious acid 
is used alone, but in presence of sodium hydroxide its value 
increases. E. H. R. 

Ferment Action. II* Adsorption of Amino-acids and Poly- 
peptides by Animal Charcoal. Relation of the Observed 
Appearances to the Cleavage of Polypeptides by Yeast Juice. 

Em Abderhalden and Andor Fodor (Fermentforsch., 1917, 2, 
74—102; from Chem. Zentr 1918, ii, 738. Compare A., 1917, 
i. 306), — Animal charcoal adsorbs scarcely a trace of glycine, but 
rt- adsorbs a little alanine and a comparatively large quantity of 
e uciae. Similar variations are observed in the case of the poly- 
peptides, even isomeric substances being adsorbed to very different 
stents by the charcoal. The amount adsorbed at various dilutions 
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varies according fco the laws of adsorption, just as has been observed 
in the case of enzymes. The adsorptive power of charcoal differs 
from that of the enzymes, however, in being uninfluenced by 
changes in the concentration of the hydrogen and hydroxyl ion s 
in the solution. 

When mixtures of amino-acids or polypeptide^ are treated with 
animal charcoal, the adsorption of the substances containing the 
more complex molecules is relatively increased, whilst that of 
smaller molecular substances is decreased. H. W. B. 

Ferment Action. III. Adsorption of Amino-acids and 
Polypeptides and also of various* Carbohydrates by Animal 
Charcoal. Emil Abderhalden and Andor Fodor (Fermeni- 
forsch., 1917, 2, 151—166; from Ghem. Zentr., 1918, ii, 739. Com- 
pare preceding abstract). — /-Arabinose, Isevulose, and inositol are 
less readily adsorbed by charcoal than dextrose, sucrose, and other 
disaccharides and trisaccharides. The presence of carbohydrates 
diminishes the adsorptive power of animal charcoal towards poly- 
peptides, and conversely the adsorption of carbohydrates is 
adversely influenced by f>oly peptides. H. W. B. 

♦ 

Retardation by Sugars of Diffusion of Acids in Gels. 

Evarts A. Graham and Helen Tredavay Graham (/. Amer. Ghem. 
Soc., 1918, 40, 1900 — 1917).- -The rates of diffusion of a number of 
inorganic and organic acids into gelatin solutions containing vary- 
ing amounts of dextrose, sucrose, and lactose have been measured. 
All the sugars have a marked retarding influence on the diffusion 
of any acid, the disaccharides having a considerably greater effect 
than the monosaccharide. In agreement with the general diffusion 
law, the ratio of the distance of diffusion to the square root of the 
time is found to be a constant in gelatin both with and without 
sugar. The retardation is not proportional to the concentration of 
the sugar, but is relatively greater for smaller concentrations of 
sugar. If the ratio df t is equal to K 0 without sugar and K with 
sugar, the relative retardation is given by (2T 0 -2f)/ir o or A/JT 0 . 
The relation between concentration of sugar and retardation can be 
expressed approximately by tbe equation (&/ K$) n =ae, where e is 
the concentration and a and ti are constants. In 10% gelatin, nitric 
acid behaves abnonr ^llv in that the ratio dj t is not constant, 
but increases rapidly at first and, after remaining constant for some 
time, again decreases. Hydrochloric acid shows the same 
behaviour in 3% gelatin. 

Sodium chloride also retards the diffusion of acids into gelatin, 
but to a less extent than the sugars when equimolecular solutions 
are compared. This is the reverse of their effect in reducing the 
acid swelling of gelatin, in which sodium chloride is more ejfecb ve 
than sugar. The physiological bearing of the results obtained is 
briefly discussed, particularly with reference to the protective 
action of dextrose in cases of chloroform poisoning, the effects o 
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tfliich are ascribed to the presence of free hydrochloric acid in the 
substance. The mechanism of the retardation is also discussed. 

E. H. R. 

Chemical Affinity in Crystals and the Velocity ol 
Crystallisation. M. Padoa ( Atti B. Accad . Lmcei , 1918, [v], 
27, ii, 59 — 64 ; Gazzetta , 1918, 48 , ii, 139 — 147). — The suggestion 
is made that, in most cases, crystallisation represents a transposi- 
tion effected by means of valencies among the more or less free 
molecules of the gaseous or liquid phase, so that velocity of crystal- 
lisation may be regarded as velocity of reaction. The author has 
measured the velocities of crystallisation of a number of super- 
cooled compounds with the object of ascertaining : (1) if, with 
isomorphous compounds of similar structure, the velocities of 
crystallisation are equal or of the same order of magnitude, and 
(2) if, in a series of compounds of perfectly analogous chemical 
constitutions, the velocities of crystallisation are comparable and, 
ceteris paribus, dependent on the molecular weights. Similar 
values are obtained for w-bromo- (600) and ?«-chloro-nitrobenzene 
(882), and also for p-dichloro- (4800), p-dibromo- (7000), and 
piod e-benzene (6000), the low value for p-chloroiodobenzene (1153) 
being apparently dependent on its markedly different viscosity. 
The introduction of methyl into the benzene ring greatly retards 
the crystallisation j naphthalene and its analogues show far lower 
values than benzene, the isomeric anthracene and phenanthrene 
aving identical velocities. Similarity also exists between the 
elocities for isomorphous inorganic compounds. 

Of two compounds of similar structure, the one saturated and the 
ther unsaturated, the latter should present the greater velocity of 
rystallisation, since the latent affinities in the double linkings 
hould favour the process of crystallisation. This conclusion is 
orapletely confirmed by the results obtained for a number of pairs 
f isomorphous organic compounds, one member of each pair being 
afcurated or at least less unsaturated than the other member. 

The general conclusions drawn are: (1) the velocity of crystal- 
isation is a constitutive property, and (2) the bonds between the 
itoms in crystalline networks are of the same nature as chemical 
valencies. T. H. P. 


Point of Transformation between Reversible Modifica- 
tions. C. Viola (Atli B . Accad, Lincei , 1918, [v], 27, ii, 
197—112). — The author applies the law of maximum work and 
Curie’s law to the consideration of the possible co-existence, at a 
temperature different from T, of two reversible crystalline modifica- 
tions which occur in contact in stable equilibrium at temperature T 
and at a definite pressure. It is shown that, either where a process 
is effected reversibly and crystallisation takes place and should take 
place according to Curie’s law, or where between two modifications 
m contact a minimal surface tension is established, a point of 
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transformation must always exist there; vice versa, the surface 
tension is a minimum at a transformation point between two modi- 
fications. T. E. V 

The Artificial Coloration of Liquid Crystals. p AriL 
Gaubert (< Compt . rend. , 1918, 167, 1073 — 1075). — Indophenol 
may be satisfactorily used for colouring liquid crystals and also 
solid crystals of a large number of organic compounds. The 
presence of the indophenol lowers the solidification point of the 
molten substances, and in the case of substances giving several 
birefringent liquid phases, all the melting points or transformation 
points are lowered. There exists for the indophenol a coefficient of 
solubility particular to each phase, this coefficient diminishing with 
the molecular volume. 

The optically positive liquid crystals obtained by combining 
cholesterol with glycollic acid, glycerol, etc., are not coloured by 
indophenol, although the isotropic liquid dissolves it. W. G. 

Theory of the Velocity of Coagulation. H. Fjrkuxdmcji 
(Kolloid Zetf/ich., 1918, 23. 163 — 173). — A theoretical paper in 
which it is shown that the velocity of slow coagulation of hydro- 
phobe sols increases very much with increasing concentration of 
the coagulating electrolyte, whilst for rapidly coagulating sols the 
velocity of coagulation is constant and independent of the nature 
and concentration of the electrolyte. Smoluchowski explains the 
rapid coagulation by assuming that the collisions between the 
particles are non- elastic and lead to the coagulation of all the 
particles which come within the sphere of influence. The rapid 
increase in velocity of the slow coagulation is explained by the 
assumption that in the concentration present the charges on the 
particles produce a repulsion, and only those particles are coagu- 
lated the kinetic energy of which is greater than a certain critical 
value. This critical value is greater the greater the charge on the 
particle. The number of these particles increases as the electrolyte 
concentration increases. A formula giving the relationship 
between electrolyte concentration and velocity of coagulation is 
given, and this is in keeping with observed results, J. F. 8. 

The Brownian Movement and the Coagulation of 
Colloidal Solutions. H. W, "Woudstra ( Chem . Wcekblad, 1918, 
15, 679 — 680). — The ^author claims priority over Kruyt and 
van der Spek (A., 191.7, ii, 563) in directing attention to the func- 
tion of the Brownian movement of the colloid particles in the 
coagulation of a colloidal solution. W. S. M. 

The Brownian Movement in Relation to the Mechanism 
of Flocculation. D. J. Hissink (Chem. Weekblad , 1919, 16, 
20 — 21). — The author disputes the contention of Henri and 
Ostwald (see “ Grundriss der allgemeinen Chemie,” 1917, .544) that 
the Brownian movements are diminished by addition of a coagu- 
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lafciag electrolyte before coagulation, and contends that bv micro 
scopic observation it can easily be seen that the coagulation itself 
is the cause of the diminution of the movement, which is therefore 
a consequence of the coagulation and does not precede it. 

S. I. L. 

The Lowering of the Degree of Dissociation. H N DE 

Hus (Ghem Weekblad 1918, 15, 1352-1355).-An elementary 
mathematical consideration of the fundamental equation of ma-s 
action with reference to the shifting of the equilibrium consequent 
on the addition of one of the products of dissociation or ionisation 
to the system. w g M 

Heterogeneous Equilibria between Aqueous and Metallic 
Solutions . The Interaction of Mixed Salt Solutions and 
Uqmd Amalgams V A Study of the Ionisation Relations 

of Potassium and Strontium Chlorides in Mixtures 

G. McP Smith and Edwin Arthur Rees (./. Amer (Jhtm Sue ' 
1918, 40, 1802- -1847). —To study the equilibrium bet^iS 
strontium and potassium amalgams and the mixed aqueous solu- 
tions of the chlorides of these metals, a definite quantity of either 
strontium amalgam or potassium amalgam of known concentration 
was shaken up with successive portions of a known aqueous solu- 
tion of the mixed chlorides until equilibrium was reached The 
quantities of strontium and potassium in the amalgam were then 
determined by analysis. Experiments were made on the effect cf 
varying (1) the amalgam concentration up to about 0'6 milli- 
equivaJent of potassium or strontium per 10 grams of mercury 
“or ^ al * alfc collceniration in aqueous phase from 0'05V 

A u tl0 0f the two salts in th * «*"«»» phase at 
Merent total salt concentrations, and (4) the temperature from 
lo to 40 . To interpret the data obtained, tbe value of the ex 

was - 

icR (Sr, (E ) and (K Uff ) are the respective atom-fractions in the 
" P hase ’ * nd < K - salt ) (Sr-salt) are the mol-fractions 
n the aqueous phase (compare A., 1917, ii, 247). The value of 
. «9“ lllbr ‘um expression ” C’ t increases proportionately with 
■ otal concentration in the mercurial phase up to 0-3 milli- 
eqmvalent per 10 grams of mercury, at temperatures from 15-45° 
centra*; * alnal S a,n concentration is kept constant and the con- 

twn ? a 0 \° th , 6 a ? ue0US P hase increasec! ' proportions of the 
salts being kept constant, the value of C c first falls rapidly as 

it a,m r f 9 to about °' iN ’ but with stronger solutions 

1 approaches a constant value. 

in tte mosfc cJilute solutions examined, 0'05 
id s Lr^ lar m . ; f ture tke two ^lts is completely ionised, it 
creased w+t* &S eventration in the aqueous phase is in- 
ions t.n o +, the sat ratl ° ke P fe constant, the proportion of K+ 
lons ^creases rapidly; also when the ratio of 
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potassium chloride to strontium chloride is increased, the propor- 
tion of K+ ions increases at a greater rate. 

The results obtained at different temperatures have been used 
to calculate the heat of reaction accompanying the changes between 
15° and 40°. With rising temperature, the reaction is exothermic 
and the heat of reaction is found to decrease with increasing total 
salt concentration. 

As regards the dissociation of potassium and strontium 
amalgams, it is shown that the ordinary mass-action expression 
holds good for mixtures of the two up to a total concentration of 
about 2 milli-equivalents per 100 grams of mercury. There is 
evidence of the formation in the aqueous salt mixture of molecular 
complexes and complex ions, the results being in harmony with 
Werner’s views. E. H. K, 

Influence of Substitution of the Components of Binary 
Equilibria in Solution. XIII. The Solution Equilibria 
of the Three Isomeric Phenylenediamines with Phenols 
and the Dinitro- derivatives of Benzene respectively. 

Robert Kremann and Wolfgang Strohschneider (Monatih., 
1918, 39 , 505 — 570. Compare this vol., ii, 15). — Melting-point 
and cooling curves have been obtained for the six binary systems 
made up of the three phenylenediamines with either a-naphthol or 
/3-naphthol, for the four binary systems composed of a - or 
A-naphthol with a- or /3-naphthylamine, for the system jB-naphthol 
and p-toluidine, for the nine binary systems composed of one of 
the three diphenylamines with one of the three dihydroxybenzenes, 
for the three binary systems composed of 2 :4-dinitrotoluene with 
each of the phenylenediamines, and for • the nine binary systems 
composed of one of the three phenylenediamines with one of the 
dinitrobenzenes. The results are given in curves and in voluminous 
tables. It is shown that p-pbenylenediamine forms compounds 
with two molecules of a-naphthol (m. p. 110°) and with two mole- 
cules of /3-naphthol (m. p. 150*5°). One molecule of m-phenylene- 
diamine forms compounds with two molecules of /8-naphthol (m. p. 
114°) and with one molecule of a-naphthol (m. p. 35°), One mole- 
cule of o-phenvlenediamine forms compounds with one molecule 
of a-naphthol (m. p. 60°) and with one molecule of Anaphthol 
(m. p. 86°) respectively. a-Naphthol forms two compounds with 
a-naphthylamine with pne and four molecules of the latter to one 
of the former compound. A compound is formed containing two 
molecules of /3-naphthol to three molecules of a-naphthylamine. hut 
no compounds are formed between a-naphthol and /3-naphthvl- 
amine; a simple eutectic is produced by these substances at 47°. 
and contains 56*5% of the last-named component. An equimole- 
cttlar comoound is formed between /S-nanhthol and p-tolnidine 
(m. p. 87*5°). Equimolecular compounds are formed with 
m-nbenylenediamine and catechol (m. p. 64'5°h m-phenylene- 
uiamine and resorcinol (m. p. 79°'}. m-phenvlenediamine and 
quinol (m. p. 127°), with two molecules of catechol and one male- 
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cule of p- phenylenediamines with three molecules of catechol and 
two molecules of p-phenylenediamine, and with three molecules of 
quinol with one molecule of p-phenylenediamine, The detail of 
system o-dinitrobenzene-p-phenylenediamine have not been 
worked out, because of a secondary chemical reaction which inter- 
feres with the measurements. Compounds are formed between 
m -dinitrobenzene and the three phenylenediamines of the follow- 
ing composition: (i) three molecules of the nitre-compound with 
two molecules of o-phenylenediamine, (ii) two molecules of the 
nitro-compound with one molecule of o-phenylenediamine, and (in) 
one molecule of the nitro-compound with two molecules of 
m-phenylenediamine ; no compounds are formed between 
p-phenylenediamine and ra-dinitrobenzene. In the case of 
p-dinitrobenzene and the three phenylenediamines, compounds are 
not formed with o- and m-phenylenediamine, but with p-phenylene- 
diamine, a compound of two molecules of the amine and one mole- 
cule of the nitro-compound is formed. Pull details of the 
numerous eutectics are given in the paper. J P S 

The Dilution Limits of Inflammability of Gaseous 
Mixtures. III. The Lower Limits of some Mixed 
Inflammable Gases with Air. IV. The Upper Limits of 
some Gases, Singly and Mixed, in Air. Hubert Frank 
Coward, Charles William Carpenter, and William Payman <T 
1919, 115, 27 — 36). ' ’ 


The Propagation of Flame through Tubes of Small 
Diameter. II. William Payman and Richard Vernon Wheeler 
(T. ( 1919, 115 , 36—45). 


The Inflammation of Mixtures of Ethane and Air in a 
Closed Vessel. The Effects of Turbulence. Richard 
vernon Wheeler (T., 1919, 115, 81—94). 


The Ignition of Explosive Gases by Electric Sparks. 

John David Morgan (T., 1919, 115, 94 104). 


The Range of Existence of Substances, Kinetic Analysis, 
ana the Estimation of Vapour Pressures from Reaction 
elocihes, M. Trautz ( Zeitsch . anorg . Chem., 1918, 104, 
ltd— 210).— The author distinguishes between the range of stability 
and the range of existence of any substance. The stability of a 
substance is dependent on the chemical factors which bring about 
its formation, and is measured by the energy of the reaction whilst 
its range of existence is determined only by the heat of activation 
needed to bring about its decomposition. The upper limit of 
existence of a compound is determined by the heat of activation of 
mat binary decomposition which requires the least energy. 

i?^ he .. point of vfew of the Thor's theory of reaction velocity 
\ •) 917, u } 23; 1918, ii, 151), a large number of reactions are 
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discussed. The formation of nitrosyl chloride or of nitrosyl 
bromide is apparently a reaction of the third order, but in all 
probability is made up of superimposed reactions of lower orders, 
and formulse are developed by means of which the higher order 
reaction can be expressed in terms of reactions of lower orders. 
On the assumption that nitrosyl chloride formation proceeds in the 
two stages NO + Cl 2 — NOCI 2 , NOCl 2 +NO==2NOCl, a method of 
kinetic analysis is developed which enables the concentration and 
heat of formation of the intermediate product to be calculated, 
The heat of formation of NOCU is 2500 cal. 

The reaction between hydrogen and oxygen in porcelain vessels 
was supposed by Bodenstein to be of the third order, hut the 
velocity constants do not distinguish between a third- and a second- 
order reaction. Moreover, probable values for the impact constant 
are obtained only if it is treated as a second-order reaction. The 
course of the reaction is probably H 2 +0 2 -IL>0. 2 (measurable); 
H 2 0 2 + H 2 -2H 2 0 (immeasurably fast). The probable value of the 
heat of activation for H 2 + 0 2 is 46,374 cal., and the mean diameter 
of oxygen and hydrogen molecules, 162 x 10 _s cm. 

The format ion of nickel carbonyl from nickel and carbon mon- 
oxide, which is apparently a third-order reaction, probably pro- 
ceeds in the three stages: Ni + CO=NiCO (momentary equil- 
ibrium), NiCO + CO-=Ni(CO) 2 (measurable), and Ni(CO) 2 H 2C0- 
Ni(CO) 4 (immeasurably fast). It is shown how, from the velocity 
of the reaction, the vapour pressure of nickel can be calculated, and 
also its probable boiling point-, 3358° A.T. The true order of a 
reaction, for example, in the case of nickel carbonyl formation, can 
be determined by consideration of the absolute reaction velocity 
and its temperature coefficient when the mean molecular diameter 
is assumed. 

The velocity of surface reactions is fully discussed, and in this 
connexion the decomposition of ammonia, phosphine, arsine, and 
antimony hydride are considered. These reactions are assumed to 
be of the first order, corresponding with. XH ;5 — >■ XH + E, 
(measurable). The heat of activation in this series decreases with 
increasing molecular weight, From the heat of activation, the 
maximum wave-length of the actinic rays which will bring about 
the decomposition is calculated from the formula 
^=(2*843 xl0 7 )/A. 

It is concluded that ammonia, phosphine, and arsine should show 
absorption in the nV 71 -violet, antimony hydride in the visible 
spectrum. For ammonia, the maximum wave-length is shown to 
be 219'6 /nft,, and in confirmation of this, it is shown experimentally 
that light of 214 — 203 ptju is photochemically active towards 
ammonia. 

Other reactions discussed are the formation and decomposition 
of sulphuryl chloride, the decomposition of sulphur trioxide and 
hydrogen selenide, the formation of hydrogen sulphide and 
hydrogen selenide from their elements, and the slow combustion of 
hydrogen iodide, of phosphorus, sulphur, and carbon. From Rhead 
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M d Wheel 6 r' 8 experiment on the combustion of carbon to carbon 
monoxide (T., 1912, 101, 846), assuming that the vapour of carbon 
is monatomic,, the boiling point of carbon is calculated to be 3542° 
and its vapour pressure in mm. of mercury at 1100°, 4‘05 x 10“" 9 
the corresponding concentration being 4'74 x 10" u mols. per litre * 

E. H. R. 

Consecutive Reactions. IV. Relationships of the 
Constants in the Acid Hydrolysis;of Esters of Oxalic and 
Malomc Acids. Anton Skrabal and (Erl.) Danica Mrazfk 

(Monat&h., 1918, 39, 495 — 503. Compare A,, 1917, ii 250) 

The kinetics of the acid hydrolysis of methyl oxalate, ethyl oxalate 
methyl malonate, and ethyl malonate have been studied at 25°* 
The hydrolysis was effected by 0* ^hydrochloric acid, and since* 
as has been previously shown, the determination of the change in 
acidity did not yield a satisfactory constant, the amount of normal 
ester remaining unchanged was determined iodometrically In 
this way, it is shown that the hydrolysis takes place according to 
the equations for first-order reactions. The ratio of the reaction 
constants of the two consecutive reactions is 2:1. Methyl oxalate 
is hydrolysed approximately twice as rapidly as ethyl oxalate, but 
in the case of the malonic esters, the rate of hydrolysis is approxim- 
ately the same in the two cases. J E S 

The Conception of the Chemical Element as Enlarged 
by the Study of Radioactive Change. Frederick Koddy 
(T., 1919, 115, 1—26). 


Atomic Weights in 1917. E. Moles ( Anal . Fis. Quim., 
1918, 16, 625 653). — A review of the work on the determination 
of atomic weights published during 1917. 

Complex Ions. I. M. Kolthoff [Chem, Weekblad , 1918, 15, 
1636— i 644).— The definitions of complex ions given by de Haas 
1917 > 14, 752; 1918, 15, 1352) and Abegg and' Wander 
(A., 1899, ii, 542) are criticised. The latter state: “One of the 
ion-forming components of a complex compound is built up of a 
single ion with an electrically neutral molecule.” de Haas in his 
later paper defines an inorganic complex ion as “a metal-contain- 
ing ion built up of one or more molecules and one or more ions,” 
ine author does not regard the presence of a neutral molecule as 
essential Complex ions arise from the tendency of ions to com- 
bine with other molecules or ions, which tendency is the greater 
the lower is the “electro-affinity” of the ion; the nature of the 
complex is dependent also on the properties of the molecules or 
° er ions which enter into it. It follows that for any salt, form- 
ation of complex ions becomes important only when neutral mole- 
cu es are present to enter into combination with the ions, that is, 
Wien the^ degree of dissociation is small. Thus salts of strongly 
e ec ^' ro positive and electronegative ions or groups, and salts of one 
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strong and one weak radicle, being highly dissociated in solution 
show small tendency to complex formation; salts of one strong and 
one weak radicle or element may, however, form complex ions by 
combination of the ions of the weaker element or radicle with each 
other. 

The mercuric salts afford numerous examples of the formation 
of complex ions; dissociation of mercuric chloride forms the ions 
HgCl\ Hg**, and CF, and combination of the CF with the undis- 
sociated molecule gives rise to the complexes HgCy and HgCl/', 
Of these, the group HgCl* has the highest concentration, namely, 
about 10,000 times as great as the concentration of the Hg“ ion, 
A consideration of the possibilities of combination or dissociation 
of a group AB*, where A is a bivalent positive and B a univalent 
negative ionogen, will show that the neutral molecule AB 2 can be 
regarded as an intermediate product between the complexes AB’ 
and AB,/. 

The cases of formation of complexes fall into two classes. In 
the first, the electro-affinity of both ions is great, and the tendency 
to complex formation small, increasing as the electro-affinity falls. 
In the case of the chlorides of the alkali metals in solution in 
presence of an alkaline earth chloride, for example, the lower dis- 
sociation of the alkaline earth chloride causes the presence of its 
neutral molecules, which form complexes with the chlorine ion of 
the alkali metal chloride, of the type BC1 3 / ; in concentrated solu- 
tions, the product of the concentration of this complex and that 
of the ion of the alkali metal may be so great as to cause separa- 
tion of double salts. In the second class, the electro-affinity of 
both ions is small ; it is clear that there will be a gradual transition 
between the two classes. Silver iodide and mercuric cyanide form 
examples of slightly soluble salts in this class; here the solubility 
is greatly increased by presence of either ion, owing to the possi- 
bility of complex formation which this introduces. Cadmium 
iodide affords a good case of a soluble salt of this class. 

Consideration is given to complex ions containing hydrogen. 
For the case of a weak dibasic acid, HoA, two dissociation con- 
stants, corresponding with the ions HA / and A /; , have to be con- 
sidered, the second being usually very small. It is shown that the 
low dissociation of HA / as compared, for example, with RA', 
where R is an alkali metal, is in contrast with the case of the 
halogen acids and the alkali haloids, the former having here the 
higher dissociation. 

The following definition is finally put forward: “Complex ions 
break up to a certain extent into simple ions, generally with form- 
ation of neutral molecules/' S. I. L. 

The Valency-hypothesis of J. Stark, W. Jacobs {Chin. 
Weekblad , 1918, 15, 1566 — 1571). — The theory of partial valencies 
has been employed to explain molecular aggregation in the fluid 
and crystalline states and to account for the various states of 
aggregation in which elements and compounds exist at ordinary 
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temperatures, and the changes in the states of aggregation which 
they undergo with change of temperature. The lines of force of 
a vaiency-electron can be distributed partly to atoms of the same 
niolecule and partly to other molecules; consequently, intramole- 
cular linking and mtermoiecular linkings are essentially due to 
the same forces, and all substances fall within a senes in which the 
relative strength of the two classes of linking gradually changes. 
If the vaiency-electron is adjacent to a positive surface within its 
own molecule, intermolecuiar attraction will be weak and will be 
easily overcome by a small inflow of energy from without, which 
will leave the intramolecular system unchanged; at the other 
extreme, the strength of the two kinds of linkings approaches 
equality, the molecule behaves, as it were, like a single atom, and 
mtermoiecular aggregation is pronounced. In the last case, any 
disturbance of the intermolecuiar linkings must affect strongly the 
internal arrangement of the single molecules, and it may happen 
that a particular atomic system can only exist within very narrow 
limits of physical properties. 

fetark has directed attention to the distinction between the mean- 
ing of the term molecule in the chemical and in the physical sense; 
in the former, molecules are distinguished as having identical 
arrangements of atoms, in the latter as being particles free to 
move in space in a definite manner determined by thermal condi- 
tions. The two definitions agree for molecules in the gaseous con- 
dition, since here no intermolecuiar linkings exist. In the crystal- 
line condition, a chemical molecule is not free to move independ- 
ently of its neighbours, and the physical definition fails. In the 
liquid condition, molecular aggregation occurs, but generally varies 
continually in strength and" character; physical molecules exist, 
but are generally not identical with chemical molecules, being 
usually built up of several chemical molecules and varying con- 
tinually in mass. In the case of solution, the molecules of solute 
by the attraction of their partial valencies form “solution mole- 
cules with molecules of the solvent, each of which is a free- 
moving physical molecule ami changes readily with slight changes 
of temperature. 

Where intramolecular attraction is weak and the electric valency- 
neld is diffused outside the molecule, as in the case of metals and 
electrolytes, the power of crystallisation is high, and in the liquid 
condition the substance has low vapour pressure; where the intra- 
molecular linkings are very strong, as with the inert gases, the 
substance cannot be liquefied or solidified at ordinary temperatures. 
The gradation of physical properties of the hydrocarbons similarly 
18 ex plained by the gradual decrease of strength of the intra- 
molecular bonds as the number of similarly linked atoms within 
the molecule increases. S. J. L. 

A Device for Introducing a Vapour into a Gas . E. H, 

Zeitfuchs (J. Amer. Chem . Soc., 1918, 40 , 1899).— To introduce 
a known quantity of vapour into a stream of gas, the following 
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device is used. On to the end of a burette is sealed a gl ass 
capillary. This capillary is enclosed by the constricted end of a 
wide tube, closed at the top just below the cock of the burette by 
a piece of rubber tubing, which keeps it in position. The capillary 
touches in the wide tube a roll of asbestos fibres, wound round with 
resistance wire, by which it is heated electrically. A measured 
quantity of liquid can be run from the burette on to the asbestos 
fibre, where it is vaporised and taken up by a stream of gas enter- 
ing the constricted portion of the tube by a side-tube and passing 
down through the asbestos roll. Any known quantity of vapour 
can thus be introduced into the gas. E. H. R. 

Stopcock for Dropping Liquids arranged for Equalising 
the Pressure Above andj Below the Outlet in the Stopcock, 

Harry L. Fisher ( J . Ind. Eng. Ghent., 1918, 10, 1014 — 1015). — 
An annular groove is provided in the key of the stopcock and a 
central tube is fitted in the two arms. The groove is in connexion 
with the outer tube, so that, when the tap is turned off, there is 
still communication between the atmospheres in the vessels above 
and below the stopcock. The liquid flows from the upper to the 
lower vessel through the central tube and the bore of the stop- 
cock. W, P. S. 


InorganiG Chemistry. 


Recovery of Perchlorate Residues from Potassium 
Estimations. A. VGrtheim \(Chem. Weekblad , 1918, 15, 
581 — 584. Compare A., 1917, ii, .568). — The usual method for tie 
recovery of perchloric acids is to transform all the reagent into its 
potassium salt, which is easily purified by recrystallisation, and to 
distil the mixture of this salt with an excess of sulphuric acid in 
a vacuum. This method allows of recovery of only 25% of the 
quantity of acid originally used, and, moreover, requires a good 
vacuum pump, A method has now been devised which consists 
of the addition of unslaked lime to the collected alcoholic filtrates, 
filtration and washing of the precipitate with alcohol, and recovery 
of the mixed perch 1 -gates of calcium, sodium, and magnesium hy 
distilling off the alcohol. The solid residue is warmed in a basin 
with sufficient 50% sodium carbonate to convert the mixed salts 
completely into the sodium compound, the whole filtered, and the 
filtrate concentrated to crystallisation point.* A large excess of 
40% hydrochloric acid is added, the clear liquid decanted from the 
precipitated sodium chloride, the last drops being separated on a 
vacuum filter, and the solution of sodium perchlorate concentrated 
to D 1T25. A series of determinations carried out with recovered 
material gave uniformly higher results than duplicate tests carried 
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out with pure perchloric acid. Investigation showed that 'the 
presence of sodium perchlorate in the recovered material diminishes 
the solubility of the potassium salt, and that therefore more 
accurate results are obtained by using the recovered material than 
]iv working with chemically pure perchloric acid. S. I. L. 

Appearance of Fogs in Chemical Reactions. Viktor 

Rothmund (.¥»«« £s/i., 1918, 39, 571—601).- The nature of the 
fogs produced in certain chemical reactions has been investigated. 
In the case of the fogs produced when ozone enters into reaction 
with a large number of reagents (particularly reducing agents), it 
is shown that the fog consists mainly of water in which a small 
quantity of the products of the reaction are dissolved. These fogs 
only occur wh<p the reducing agent is of a volatile nature and 
when the reaction products are soluble in water. The size of the 
fog particles is practically the same in a number of very different 
reactions. The approximate diameter as calculated from the rate 
of subsidence is 10“ 4 cm. The stability of the liquid drops in 
saturated water vapour is explained by the increased curvature 
brought about by the solution of the products of the reaction which 
effect a reduction of the vapour pressure. In the case of ozone 
and hydriodic acid, a larger value is calculated for the diameter, 
and this is explained by the formation of hydrogen peroxide. The 
ammonium chloride fogs, the fogs from fuming acids, fogs pro- 
duced by the action of radium emanation on sulphur, carbon 
disulphide, camphor, and iodine, as well as the electrically pro- 
duced and atmospheric fogs, are also considered. In all cases, the 
fog produced shows an analogous behaviour to the ozone fogs’ and 
generally has drops of about the same size. J. F. S. 

^The Waters of the Atlantic Ocean on the Argentine 

Coasts . Hercules Corti and Hector H. AlvIrez (Anal. Soc Quim 
\r 9 tntma. t 1918, 6, 108-120).-A detailed study of samples of 
■ea-water taken under varying conditions at different places on the 
\ dentine coast. 

Extensive tabular statements are given of chemical composition 
iml of general and physicochemical properties. The methods of 
malysis adopted are briefly indicated. W. S. M. 

Synthesis of Sulphuryl Chloride in Presence of Organic 
^mpounds. Guido Cusmano (Atti B. Accad. Lincei , 1918, M. 
27, ii, 201— 204).— The keto-cineole described by the author and 
f mari V A -' 1912 > b 272) is similar in many of its chemical proper- 
to camphor, which it may replace in the preparation of 
* £ llorido from sul phur dioxide and chlorine by Schulze’s 
reaction, SO.i + Cl 0 — S0 5 CU, is also accelerated by 
■ C 0 exail0I *e, menthone, or tetrahydrocarvone, but does not occur 
^ presence of a-bromocamphor, Reychler’s camphorsulphonic acid, 
Afflpjiorquinone, or monobromo- or monochloro-ketocineole (to be 
^scribed elsewhere) with the halogen attached to the methvlene 
iguous to, the carbonyl group; the reaction is, however, 
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activated by introducing into the compounds just named a positive 
radicle, for instance, by transforming the sulphonic acid into either 
the amide or the anilide, or camphorquinone into the monoxime or 
taonitrosocamphor, Pernitrosocamphor also catalyses this reaction 
but not the anilide of cblorocamphorsulphonic acid. These results 
are not in disagreement with the view that the catalytic action 0 f 
camphor is connected with the formation at low temperatures of 
one or more compounds of sulphur dioxide with camphor. 

T. H. P. 


New Method for the Synthesis of Ammonia. H. Hampel 
and R. Steinau ( Chem . Zeit 1918, 42 , 594). — Metallic iron, 
ammonium chloride, and nitrogen are heated together at 300° 
under 50 atmospheres pressure. The reaction proceeds according 
to the equation 3Fe + 6 NH 4 CI + 2N=3FeCLj+8NH 3 . A gaseous 
mixture is obtained containing up to 99% of ammonia. The por- 
tion of this derived from the ammonium chloride may be allowed 
to react with the ferrous chloride; the ferrous hydroxide formed 
is reduced and the ammonium chloride recovered for further use. 
[See, further, J . Soc. Che.m. Tnd 1919, February.] W. P. S. 

Mixtures of Nitrogen Peroxide and Nitric Acid. 

William Robert Bousfield (T., 1919, 115, 45 — 55). 

Oxidation Pressure Limits (A Theory of the Pressure 
Limit in Autoxidation). W. P. Jorissen (Chem. Weekblad, 
1918, 15, 705 — 714). — A resume of the observations and measure- 
ments on the lower limit of pressure in the autoxidation of phos- 
phorus in oxygen, and of the theories which have been advanced 
to account for the facts observed. 

The author considers the phenomenon to be a particular case of 
the ignition of an inflammable gas mixture (phosphorus vapour 
and oxygen) whenever the ratio of combustible constituent to 
oxygen becomes sufficiently large, the temperature in this case 
being sufficiently high to cause spontaneous ignition. W. S. M. 

The Atomic Structure of Carborundum determined by 
X-Rays. C. L. Burdick and E. A. Owen (J. Amer. Chem. Soc., 
1918, 40 . 1749 — 1759). — The angle between the edges of the 
elementary rhombohedron of carborundum, which crystallises in 
the ditrigonal pvrar. : flal class of the hexagonal system, is 89°56'6 f , 
the departure from the simple cube being due to a shortening by 
only O' 15% of one trigonal axis of the cube. The results of the 
X-ray measurements here recorded, using rays from a palladium 
target, show a very close relationship between the crystal structure 
of carborundum and that of diamond. The silicon and carbon 
atoms in the carborundum crystal are each arranged on face- 
centred rhombobedral (nearly cubic) lattices. In the Dnsm planes 
( 1 010 N and (ll^OV the carbon and silicon atoms lie in the same 
planes, from which it follows that in the direction of the ^principal 
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axis the carbon and silicon atoms alternate, there being no lateral 
displacement between the two kinds of atom with respect to this 
axis. From the relative intensities of the reflections of the spectra 
of different orders by the different planes, the displacement of the 
carbon planes from the silicon planes in the direction of the prin- 
cipal axis is calculated to be equal to 0*36 of the distance between 
two consecutive carbon or silicon planes. The carborundum struc- 
ture can then be derived from that of the diamond by replacing the 
carbon atoms of one of the two interpenetrating face-centred cubic 
lattices of the diamond by a similar lattice of silicon atoms, shorten- 
ing one trigonal axis by 0*15%, and displacing the atoms of one 
lattice from a position 0*25 to one 0*36 of the distance between 
successive planes of the other lattice in the direction of the 
shortened axis. 

From the values of the distances between the atom planes 
derived from the measurements, the density of carborundum is 
calculated to be 3’11, the observed value being 3*123. E. H. R. 

Electrolysis of Potassium Phosphate. A. Rius y Mind 
(Anal. Fis . Quim. f 1918, 16, 573 — 610). — The electrolytic oxida- 
tion of potassium phosphates is assumed to take place in two stages, 
the first being the formation of perphosphate and the second that 
of monoperphosphate. For dipotassium hydrogen phosphate, the 
primary reaction can be represented by the equation 2K. 2 HP0 4 + 
0~K 4 P 2 O 8 + H 2 O. The perphosphate then undergoes further 
oxidation to monoperphosphate. K l P 0 O s + 0 + H. 2 0 = 2K,HP0 V 

A. J. W. 

The Fusion of Sodium Hydroxide with some Inorganic 
Salts. Maitland C. Boswell and J. V. Dickson (/. Amer. 
Chem.. Soc., 1918, 40, 1773 — 1779). — -When certain salts which can 
function as oxygen acceptors are fused at high temperatures 
(300 400°) with sodium hydroxide, the salt is oxidised and 
hydrogen evolved. Quantitative experiments have been made with 
sodium arsenite and ferrous sulphate, and it is found that the 
hydrogen, given off is equivalent to the oxygen taken up by the 
salt- Stannous chloride and vanadium sulphate are also oxidised, 
and cerous and uranous sulphates to a small extent. It is remark- 
able that such readily oxidisable salts as sodium nitrite and sodium 
sulphite are not oxidised when fused with sodium hydroxide. It 
is perhaps noteworthy that all the bases the salts of which were 
found to be oxidised belong, with the exception of iron, to groups 
4, 5. or 6 of the periodic table. 

The mechanism of the reaction consists ultimately in the decom- 
position of water, the oxygen carrying the oxygen acceptor to a 
higher stage of oxidation, whilst the hydrogen is evolved as gas. 
The general oxidising action of water catalysed by sodium hydr- 
oxide is also shown by the evolution of hydrogen when such metals 
as zinc and aluminium are boiled with sodium hydroxide solution, 

E. H. R. 
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Some Properties of Magnesium Ammonium Phosphate 
and Magnesium Pyrophosphate. 2*. Karaoglanov and p, 
Dimitrov ( Zeitsch . anal . Ghent., 1918, 57, 353 — 371).--The con- 
version of magnesium ammonium phosphate into magnesium pyro- 
phosphate by ignition sometimes is and sometimes is not accom- 
panied by incandescence. The presence or absence of the pheno- 
menon is found to depend on the conditions under which the mag. 
nesium ammonium phosphate is precipitated. If precipitated 
slowly at the boiling temperature, the product does not incandesce, 
but if formed quickly at lower temperatures, it invariably does, 
whether precipitated from a magnesium solution or from a phos- 
phoric acid solution. The pyrophosphate formed with incandes- 
cence is grey to black in colour, whilst that formed without in- 
candescence is quite white. The authors conclude from their 
experiments that only samples of magnesium ammonium phosphate 
which contain traces of organic matter will incandesce on ignition, 
since when organic matter, such as filter paper, is carefully ex- 
cluded, no incandescence is observed. There are apparently twc 
modifications of magnesium pyrophosphate, differing considerably 
in physical properties. The one, formed without incandescence, i? 
loose in texture and whit/e in colour; the other, the formation of 
which is always accompanied by incandescence, is hard and lava- 
like, grey to black in colour, and more resistant to hydrochloric 
and nitric acids. Its colour is due to enclosed particles of carbon, 
and is only with difficulty removed at a very high temperature by 
ignition, but can be destroyed by treatment with acids or an 
oxidising agent, such as ammonium nitrate. The incandescence of 
any sample of magnesium ammonium phosphate can be prevented 
by evaporating it before ignition with an ammonium salt or by 
heatin^ very slowly to the decomposition temperature. The opinion 
of Balareff (A., 1917, ii, 90) that the properties of the magnesium 
pyrophosphate obtained depend on the vapour tension (degree of 
hydration) of the magnesium ammonium phosphate before calcin- 
ation is shown to be incorrect. E. H. R. 

Adsorption of Metals from Drinking Water by Glass. 

K. Scheringa ( Pharm . Weehblad, 1919, 56, 8 — 9). — The propor- 
tion of lead in drinking-water can considerably diminish within 
a few hours. It is known that if an aqueous magenta solution be 
boiled in a glass vessel, the latter cannot afterwards be cleaned in 
the ordinary way; « is absorption, however, does not occur if the 
vessel has been previously cleaned carefully with soap and water 
and afterwards well rinsed out. Since, then, organic dyes are cot 
adsorbed bv a cleaned glass surface, it appears very doubtful that 
metallic salts should be so adsorbed. This conclusion was con- 
firmed by estimating colorimetrically solutions of various salts 
which had been allowed to remain for two days in carefully cleaned 
glass vessels. In no case was the slightest diminution of the 
amount of met-al in solution detected. It appears, therefore, tha 
the diminution in the case of lead is due to chemical action, either 
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by disturbance of an equilibrium when the water is removed from 
contact with the lead, or by precipitation of finely divided lead 
carbonate. S. I. L, 

Anhydrous Mercuric Fluoride. Otto Huff and Gustav 

Barlau (Ber., 1918, 51, 1752 — 1760 ). — Anhydrous mercuric 
fluoride may be prepared by heating mercurous fluoride in a current 
of dry chlorine at 275°, or of dry bromine at 400°, or by heating 
mercurous fluoride at 450° under 10 mm. pressure. Mercuric 
fluoride forms transparent, octahedral crystals, m. p. 645°; its b. p. 
is estimated at 650°. It has D 15 8*95. Attempts to determine the 
vapour tension at various temperatures did not yield satisfactory 
results, since the vessels are attacked by the vapours. The sub- 
stance is very sensitive to moisture and becomes discoloured by 
traces of water vapour, which are not analytically demonstrable; 
on exposure to air, hydrogen fluoride is. evolved, and mercuric 
oxyfiuoride and, ultimately, mercuric oxide, remain. With small 
quantities of water, a white, hydrated oxyfiuoride, 

... Hg 8 F 4 (0H) 2 ,3H 2 0, 

is formed, whilst with larger quantities, mercuric oxide is gradu- 
ally produced. Mercuric fluoride dissolves in hydrofluoric acid 
solution (40%), and, on cautious evaporation, the hydrated fluoride, 
HgF 9 ,2HoO, is obtained in small, colourless crystals. The vapours 
of mercuric fluoride attack platinum above 500° ; mixtures of the 
fluoride with silver, copper, lead, aluminium, magnesium, zinc, tin, 
chromium, iron, or arsenic react vigorously when strongly heated 
locally, yielding amalgams and metallic fluorides, the latter being 
easily isolable in the pure condition if an excess of mercuric fluoride 
is used. Sulphur tetrafluoride appears to he formed when mercuric 
fluoride is heated with, sulphur, but no reaction occurs with 
amorphous or graphitic carbon. The fluorine does not appear to be 
replaced when the fluoride is heated in a stream of chlorine or 
bromine. 

Mercuric chloro fluoride, HgCIF, is obtained as a pale yellow 
substance by passing dry chlorine over mercurous fluoride at 120°; 
the pale yellow bromoftuwide is similarly prepared at 105°. 

The preparation of mercuric fluoride in quantity is best effected 
by the process first described. H. W. 

Double Catalytic Process in the Oxidation of Aluminium 
in the Presence of Mercury. Oxidation of Aluminium 
Powder at the Ordinary Temperature. P. Ronceray (Bull, 
Sci, Pharmacol., 1918, 25 , 193 — 198; from Chem . Zentr., 1918, 
ii, 699). — Aluminium in a fine state of division is oxidised by the 
air and under water. Pieces of aluminium in contact with iron 
do not oxidise in water, but in the presence of a small quantity 
of mercury, aluminium undergoes oxidation through the operation 
of two catalytic processes. The mercury, owing to the formation 
of an amalgam, reduces the aluminium to a molecular state, and 
the mercury oxide produced acts as an agent for the transfer of 
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oxygen from the air to the aluminium, Pieces of aluminium af6er 
rubbing with mercury oxide are rapidly oxidised in the air and 
under water. H. W. B. 

Solubility of Aluminium Hydroxide. E. H. Archibald 
and Y. Habasian (Trans. Roy. Soc , Canada, 1917 — 1918, [iii], H } 
1—6). — The solubility of aluminium hydroxide in ammonia solq. 
tions of different concentrations and in similar solutions to which 
various amounts of ammonium or potassium nitrate had been 
added, has been determined at 20° and 30°. The method consisted 
in shaking the freshly precipitated hydroxide in sealed tubes with 
the solvent for twelve hours in a thermostat, filtering, evaporating 
measured weights of the solution in a platinum crucible, igniting, 
and weighing. The following weights of Al(OH) s dissolve in 
100 c.c. of solution of ammonia at 20° : 

Normality of NH 4 OH, 0*050, 0100, 0-125, 0-200, 0-500, 1-00. 
Grams of Al(OH) 3 , 0-0070, 0-0080, 0-0250, 0 0380, 0-0450, 0 0240. 
The solubility increases, therefore, with the ammonia concentra- 
tion to a maximum which lies at 0'5A-ammoma, and then decreases. 
In these experiments, it is shown that the amount of aluminium 
hydroxide in solution after thirty minutes’ shaking is considerably 
more than the above quantity, but decreases as the shaking pro- 
ceeds until equilibrium is reached, which is always achieved in 
less than twelve hours. The presence of ammonium nitrate de- 
creases the solubility of aluminium hydroxide in ammonia, and the 
decrease is greater the higher the temperature and the concentra- 
tion of ammonium nitrate. The addition of potassium nitrate 
increases the solubility of aluminium hydroxide to a very marked 
extent. It is pointed out that in the quantitative estimation of 
aluminium, only a small excess of ammonia should he used, and a 
10% solution of ammonium nitrate should be used in the washing. 

J. F. S. 

Relation between Molecular Structure and the Activity 
towards Hydrogen Sulphide of Oxide of Iron. G. Weyman 
(J, Soc. Ghein, Ind. f 1918, 37, 333 — 336t). — Iron oxides obtained 
by heating at 100° to 650° are equally active as regards absorption 
of hydrogen sulphide in the cold, but at 750° a change occurs, 
which may also be effected at lower temperatures by very pro- 
longed heating. It seems that the activity of the oxide is 
dependent primarily c J molecular structure, and not on any par- 
ticular degree of hydration, but the oxide is derived in almost all 
cases from some form of hydrate. W. P. S. 

Chromatocobaltiammines. Samuel Henry Clifford Bbigcs 
(T., 1919, 115 , 67 — 76). 

The Evolution and Oxidation of Chromic Hydroxide in 
Alkaline Solution. F. Bourion and A. Senechal ( Compt . rend., 
1919, 168, 69 — 62). — An alkaline solution of chromic hydroxide 
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undergoes a change on keeping, which tends to make it lose its 
chemical activity, particularly in respect to its powers of reducing 
hydrogen peroxide. This change is the more rapid as the con- 
centration of the chromium is greater and of the aikali is smaller. 
It is, however, possible to oxidise 97 % of the chromium in chrome 
alum to chromate by adding sodium hydroxide to the solution of 
the alum containing four times the calculated quantity of hydrogen 
peroxide, and then immediately destroying the excess of peroxide 
by shaking the solution with manganese dioxide. W. G. 

The Crystalline Structure of Grey Tin. A. J. Eijl and 
N. H. Kolxmeijer (Chem. Weekblad , 1918, 15, 1264).— A pre- 
liminary note on the crystalline structure of grey tin. The authors 
have shown that the crystals belong to the regular system. 

W. S. M. 


Bismuth Hydride aud Polonium Hydride. Fbitz Paneth 
[her., 1918, 51, 1704—1728). — By application of the methods 
used in the study of radioactive substances, the author has 
succeeded in demonstrating that bismuth forms a gaseous hydride 
which possesses considerable stability at the ordinary temperature 
and is not decomposed with much greater readiness than 
antimony hydride; with increasing temperature, the substance 
rapidly becomes less stable, and is decomposed into its elements at 
a red heat. The gas can be almost completely condensed by the 
use of liquid air, aud subsequently, in part, regasined. 

Bismuth hydride is obtained by the solution of an alloy of 
magnesium with thorium-C or radium-(7 in 0*2A-hydrochlonc or 
sulphuric acid. The alloy is prepared by exposing magnesium 
foil to the radiations of a radiothorium preparation contained in 
a glass capsule covered with silk paper, which is impermeable to 
thorium- A; shortly after its removal, in consequence of the rapid 
decay of thorium emanation and thorium-A, the deposit consists 
entirely of thorium-Z? and thorium-G. The alloy is placed in a 
weighing bottle connected with an electroscope in such a manner 
that a regular current of nitrogen can be sent through the 
apparatus. ^ After determination of the natural leak of the electro- 
scope, 0 • 2A-hydrochloric acid is dropped on to the alloy; the 
electroscope soon indicates an activity, which becomes feebler after 
tli The results of this and 4 similar experiments show 

tHat when magnesium superficially alloyed with bismuth and lead 
is dissolved in dilute hydrochloric acid, a few thousandths of the 
bismuth are converted into such a state that they can be carried 
y a gas current through a cotton wool filter, and that a similar 
reac ion does not occur with lead. A series of control experiments 
-nows that the observed effects are actually due to a volatile com, 

. o{ bismuth, and not, for example, to the liberation of 
rium-(/, to the selective action of the filter, or to the relatively 
greater volatility of thorium-C chloride. 

oonium hydride is prepared in a similar manner. The alloy 
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o! magnesium and polonium is prepared by the electrolysis of t 
feebly acid solution of polonium chloride, a piece of magnesium 
foil being used as cathode. When the alloy is dissolved in 
acid and the gases evolved are led into an electroscope, an activation 
is observed which does not decrease in the course of a day, and 
therefore is caused by polonium. The gas closely resembles bismuth 
hydride. It is remarkable that a current of oxygen can be used 
instead of hydrogen or nitrogen for the transport of the gas with- 
out sensibly diminishing the yield. The latter is less than in the 
case of bismuth hydride, and up to the present it has not been 
found possible to convert more than a few tenths’ part per thousand 
of the polonium into the gaseous state. If the gas current is cooled 
to -84°, the polonium hydride is only partly condensed. The 
investigation of the gas is rendered very tedious, since in each 
experiment the electroscope becomes permanently damaged and does: 
not recover when left to itself for a time. H. W. 

Bismuth Hydride. II. Fritz Paneth aad Erich Winterkit2 
(Ber., 1918, 51, 1728-4743). — The application of radioactive 
methods having shown that bismuth hydride is capable of exist- 
ence, and having indicated its mode of preparation and general 
properties (preceding abstract), the authors now describe attempts 
to prepare it in weighable quantity from non-radioactive material. 

The requisite bismuth-magnesium alloy is prepared by heating 
equal weights of powdered bismuth and magnesium (as free from 
silicon as possible) iu an iron crucible in a rapid stream of dry 
hydrogen. The alloy is dissolved in approximately 4A T -hydro- 
chloric or sulphuric acid (or in some cases nitric acid). Bismuth 
hydride is thus obtained in sufficient quantity to permit its detec- 
tion either by the formation of a bismuth mirror or by luminescence 
tests. 

The bismuth mirror is obtained in the usual Marshs apparatus, 
and very closely resembles the antimony mirror. As generally 
obtained, it consists of a strong brown ring in front of and a fainter 
ring behind the heated spot. The former deposit appears to be 
frequently burnt into the glass and to be unsuitable for further 
experiments. This drawback can be overcome by placing a pierced 
clay disk on the tube and allowing the dame to play against this, 
as also by increasing the velocity of the gas current. The 
antimony, arsenic, and bismuth mirrors are most readily dis- 
tinguished by a niJnber of chemical tests involving the use oi 
sodium hypochlorite, yellow ammonium sulphide, hydrogen 
sulphide, etc., which are fully described in the original. Attempt? 
to estimate the yield of bismuth hydride by weighing the bismuth 
mirrors show that about 5 x 10“ s of the bismuth used is converted 
into the hydride, or that the yield is only about one-twentieth o> 
that obtained from thorium-t?. It should be noted, however, ® 
this connexion that circumstances have prevented the authors from 
determining the optimum conditions of experimenting. 

The authors have also applied Donau’s luminescence method (A- 
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1911 ii> 743) to the detection of traces of bismuth, and find the 
procedure very rapid and so sensitive that it is capable of proving 
the presence of traces of bismuth which cannot be detected by the 
nU g test. For this purpose, the gases issuing from the Marsh's 
apparatus are ignited, and a piece of pure calcium carbonate is 
held on a platinum loop in the flame; the bismuth hydride i.s 
^composed, and a portion of the bismuth is deposited on the lime. 
The latter is allowed to cool, and then placed at the edge of the 
hydrogen flame, when the presence of bismuth is betrayed by the 
cornflower-blue luminescence; in similar circumstances' antimony 
is readily detected by a sky-blue luminescence, both colorations 
Peintr readily visible in bright daylight. 

The absorption of bismuth hydride by various reagents has been 
examined; the most suitable solution for this purpose appears to 
be 0'4;Y-silver nitrate solution. Water absorbs the gas to some 
degree, and 4A-sulphuric acid to about the same extent. 
iV5.Y-$odium carbonate solution and ^-potassium hydroxide solu- 
tion are more active, whilst the gas is also absorbed bv desiccating 
agents, such as calcium chloride or soda-lime. It is completely 
decomposed by- concentrated sulphuric acid. An aqueous solution 
of hydrogen sulphide is not more efficient than pure water. 

H. W. 

Gold Amalgams. N. Parrayaxo (Aiti 71. A read Limn, 
1918. [vj, 27, ii. 168— 170; Gazzetta, 1918, 48, ii. 123 -128).-- 
Objections are raised to the argument of Guertler ( Metallof/raphif , 
524), who concludes that mercury dissolves in gold, giviug origin 
to a solid solution containing at most about 10% of gold, and that 
in the amalgams containing 90—0% of gold no other crystalline 
individual is formed. The author has made the following experi- 
ments: (I) Definite quantities of saturated amalgam and of gold 
are placed in a vessel, and the latter exhausted ; distillation of the 
mercury on to the gold then proceeds until the composition of the 
amalgam formed reaches that of the solid in equilibrium with the 
liquid amalgam. (2) A current of hydrogen is passed over the 
amalgam; the quantity of mercury thus transported will he a 
function of the tension of the mercury of the amalgam provided 
that, in any series of experiments, the form of the apparatus and 
(he velocity and duration of the gaseous current are maintained 
constant. The results show that gold amalgams contain at least 
the two compounds Au : Hg ; , and AuJTg. T. H. P. 

Amalgams. I. Colloidal Gold Amalgam. C. Paal and 

hktjmanx Steyer (Kollmd Zeitsch 1918, 23. 145- -15 8). —Hydro 
‘■ols °f gold amalgam have been prepared (1) by shaking gold sols 
jwtli metallic mercury, (2) by allowing a gold sol to remain in con- 
act with metallic mercury at rest, (3) by-mixing solutions of gold 
^aro^ol with mercury hydrosol, and (4) by precipitating both gold 
ana mercury from a solution of the mixed chlorides in the presence 
0 a protecting colloid, Tn the lasknamed case, amalgam hydrosols 
m. cxvr. ii. 3 
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of the composition represented by the formulae Au^Hgj and Audit, 
were prepared by reducing a mixture of suitable concentration 03 
the two chlorides in alkaline solution by hydrazine in the presence 
of the sodium salts of protalbic and lysalbic acids. The solution, 
after dialysis were evaporated to dryness in a vacuum, and gave 
brittle substances which possessed a black or greenish-black colour 
and a metallic lustre- These substances readily dissolved m wai Pr 
with the production of colloidal solutions, Ihe stability, coin- 
position, and general properties of the hydrosols varied la i t-h the 
method of preparation. $. 


Solubilities of Ammonium Platinichloride, Platini- 
bromide, and Iridichloride and the Separation of Platinum 
and Iridium. E. H. Archibald and John W, Kkrn [Tr.nh, 

llotf. Soc . ('(uwht, 1917 1918, [iii], 11 , 7- 16) --The solubility 

of the ammonium salts oi' ehloroplatiuic, bromoplatinic, and chloio- 
iridic acids has been determined at a series of temperatures i i: 
water and in solutions of various strengths of ammonium chloric 
and ammonium bromide. It is shown that 100 grams of water dir- 
solve 0*2902 gram of ammonium platinichloride at 0 * 1 °, (V '36-1: 
*ram at 7*2°. 0 4869 gram at 18*0°, 0*5760 gram at 2H-. 
0*6370 "ram at 29*9°, 0-7870 gram at 38'9°, 1*0131 grams at 43v. 
1*4740 'grams at 60*2°, 1*7440 grams at 70*0°, 2*1800 grams ai 
80*2°, 2*6150 grams at 90*0°, and l 3*2515 grams at 99°. Ammonium 
platinibromide is somewhat more soluble in water than the fort* 
going salt; 100 grams of water dissolve 0*4165 gram at 0*2' . 
0*5002 gram at 7*3°. 0*6438 gram at 19*0°, 0*7384 gram at ‘io n-, 
0*8147 ffram at 29*7°, 1*0355 grams at 40*0°, 1*2087 gram? at 
50°, 1*5780 grams at 60*0°. 1*9265 grams at 70-0°, 2*30012 grants 
at 80*0°, 2*8370 grams at 90°, and 3*5866 grains at W. 
Ammonium iridichloride is much more soluble than either of the 
platinum , compounds; 100 grams of water dissolve 0*5661 grain 
at 0*2°, 0*7055 gram at 10 0°. 1*0910 grams at 25*0°, 1*206(1 grant: 
at 30*0°, 1*5665 grams at 40*0°, 1*9664 grams at 50*0°, 2*4/u 
grams at 60*0°, and 4*3815 grams at 80*0°. In the present# m 
' ammonium chloride, ihe solubility of the ammonium salts of cblow* 
platinic acid and chloroiridic acid is much reduced, but that of lb 1 
iridichloride is several times as large as that of the platinicWoridc. 
Ammonium bromide reduces the solubility of the platitiiriioinn e. 
In all three cases, the reduction in the solubility is proportional to 
the concentration <> *the- ammonium haloid. The difference m t-c 
solubility of ammonium platinichloride and iridichloride turnisne 
a good method for the complete separation of platinum and into 
Ammonium platinichloride is appreciably less ^ 

potassium platinichloride. **■ " 


Dehydrogenation of Palladium Hydrogen Hydrosol b, 
Metallic and Colloidal Mercury. C. Pml and 

Stutter (Ber.. 1918, 51, 1743-1 752).— Ii has been 
shown (Paul and Hartmann, A., 1918, ii, 303) that pat 
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hydrosol gradually loses its catalytic activity in the presence of 
metallic or colloidal mercury ; in the course of experiments on the 
action of the hydrosol on mixtures of hydrogen and oxygen in the 
presence of mercury, it was observed that the catalyst speedily 
became passive and that the gradual slight absorption of hydrogen 
was preceded by a temporary increase in the volume of the latter. 
This phenomenon forms the subject of the present communication, 
]n which it is demonstrated that the palladium hydrogen hydrosol 
is decomposed by mercury with evolution of hydrogen, and that 
dehydrogenation is effected more rapidly by metallic than by 
colloidal mercury. Analysis of the residual palladium hydrosol and 
of the mercury proves that a portion of the palladium has passed 
into the mercury, and that some of the latter has passed into the 
hydrosol. The action of colloidal mercury on palladium hydrogen 
hydrosol only leads to uniform results when care is taken that only 
the least possible excess of hydrazine is used as reducing agent in 
the formation of the mercury hydrosol. H, W. 


Mineralogical Chemistry. 


Mineralogy of the H.B. Mine, Salmo, British Columbia. 

T. L. Walker ( Toronto Umv. Studies , Geol. Ser No. 10, 1918, 
reprint,. 25 pp.). — The oxidised zinc-lead ores of this mine consist 
(»t a mixture of hemimorphite, cerussite, and limonite, and occur 
as bedded '* veins ” in metamorphosed limestone, with associated 
(juartzite and schists, and penetrated by dykes of minette. A cave 
m the mine contains also a number of zinc phosphate minerals 
forming large stalactitic pillars, which yielded about a hundred 
tons of ore. These stalactites consist mainly of a core of spencerite 
with a thin crust of hemimorphite, and between the two, solution 
cavities containing crystals of hemimorphite (anal. I, deducting 
6*66% calcite), spencerite, hopeite, parahopeite (anal. II, D 3 -236), 
and hibbenite. Crystallographic descriptions are given of each, of 
these minerals, except the hibbenite, the existence of which is not 
confirmed. On the floor of the cave, and partly coating the 
stalactites, is a deposit of a grey or cream-coloured, non-plastic, 
zinciferous clay (anal. Ill), resembling the so-called moresnetite 
and vanuxemite in composition, but doubtless a mixture of some 
zinc mineral^ with clay . The phosphoric acid of these minerals was 
perhaps derived from the solution of apatite in the surrounding 
rocks. , r 5 

ZnO. MgO. Al 2 O a . Fe t O s . SiO s . P 2 O s . H ? 0. Total. 

T J 67-35 — — — 25-32 — 7-33 100-00 

• *{ 54-69 — — — — 30-40 15*31 100-46 

111 19-99 3-97 16-07 8 01 39-49 0-26 11-12 98-91 

The zinc phosphate minerals now known are the following; they 

3 * 
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are all remarkable for their chemical purity, there being a com. 
plete absence of elements not shown in the fonnulse: 


Hopeite Zn 3 (P0 4 ) e ,4H 2 0, orthorhombic i 

Parahopeite Zii a (P0 4 ) 2 i4H 2 0, trictinic > (A., 1908, ii, 3971 

Tarbuttite Zn 3 (P0 4 } B »Zn.{0H) 8l triclinic J 

Spencerite Zii3(P0 4 ) 2 ,Zn{0H) 2) 3H 2 0, monoclinic (A., 1910, ii, 029). 

Hibbenite 2Zn a (P0 4 ) 2 ,Zn(0H) 2 ,6$tf 2 0, orthorhombic (A., H)lij 

ii, 509). 

L. J. 


Examination of the Hot Springs at Banff, Alberta. 

R. T. Elworthy (Trana. Roy. Soc. Canada, 1917- 1918, [iii], H 
27 — 33).— -An analysis of the water of, and the gases evolved from, 
the six hot springs at Banff, Alberta, has been carried out. The 
upper hot spring contains the following amounts of dissolved solids 
in parts per million of water: 634, S0 4 ; 10, Cl; 133, HCXX; 
239, Ca; 39'7, Mg; 9*1, alkalis; 31, Si0 2 . The total solids amount 
to 1100 parts per million. Among other metals present are iron, 
aluminium, manganese, strontium, magnesium, lithium, potassium, 
and sodium. The gases evolved by the springs contained methane, 
hydrogen, oxygen, carbon dioxide, nitrogen, helium, and argon 
Full analyses are recorded in the paper. These springs are the 
most radioactive of any yet examined in Canada, the emana- 
tion content of the gas being (1910 — 2370) x 10 -12 curies per litre, 
whilst that of the water is (221- -640) x 10“ 12 curies per litre. The 
dissolved radium is (8 5 — 23*5) x 10 -13 grams per litre. J. F. S. 

The Thermal Mineral Springs of Rio Hondo. Hercules 
Corti {Aval. Soc. Qutm. Argentina , 1918, 6, 215 — 229).— A 
detailed account of the medicinal properties and chemical com 
position of the thermal springs of Rio Hondo, in the province of 
Santiago del Estero in the Argentine. W. S. M. 


Analytical Chemistry. 


Rational Approximated Atomic Weights for Use in 
Chemical Analys 1 . N. Sciioorl (Chem. Weekblad, 1918, 15, 
547 — 562; Zeitsch. aval. Chem., 1918, 57 , 209 — 225). — In ordinary 
analytical work, it is customary to use for the atomic weight? 
values given to the nearest decimal figure corresponding with the 
degree of accuracy possible for each determination. In 1904. 
Erdmann proposed to use atomic weights calculated from hydrogen 
as unity, since most of the values were very close to whole numbers. 
Since, however, the atomic weights of one or two of the commonest 
elements cannot be rounded off to whole numbers without intro- 
duction of considerable error, the proposal has found little favour. 
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The author puts forward the consideration that much more 
satisfactory values are obtained for analytical purposes by taking 
account of the fact that, whereas in all accurate atomic weight, 
^terminations the weighings are reduced to the proper values for 
weighing in a vacuum, in analytical work the correction for the 
weight of air displaced is seldom made. He proposes to use a set 
0 f 'air atomic weights’’ obtained from the accepted atomic weights 
l)y introducing values based on the air correction. The accepted 
atomic weight of iodine is, for example, 126*92. Allowing for the 
difference in specific gravity of iodine and the brass weights gener- 
ally used in chemical analysis, the volume atom of iodine, namely, 
12*3*9- grams weighed in a vacuum, would weigh in air 120 906 
trains. Though the value of this air correction is so small as gener- 
ally to affect only the third decimal place, it becomes much greater 
in the cases of carbon, hydrogen, and oxygen, the elements chiefly 
concerned in organic analysis. The atomic weight of hydrogen is 
given by the International Committee for 1916 as 1*008. Assuming 
the atomic volume of hydrogen in combination to be 6, the “air 
atomic weight ” becomes 1*0005, which can without any inaccuracy 
be given as 100 for ordinary purposes. The correction for oxygen, 
assuming an atomic volume of 6, does not alter the accepted value 
16-00, whilst carbon with the accepted atomic weight of 12 005 
becomes 11*999, that is, for ordinary purposes 1200. Similarly, 
the “air molecular weight ” of water becomes 18*00 instead of 
18 02 on the basis of the true atomic weights. 

The values given in the International table of atomic weights 
for 1916 have been modified to give the air atomic weights for 
analytical purposes on the basis of the atomic volumes of the 
elements. The author devotes many pages to a selection of suit- 
able atomic volumes for each element, basing his calculations on 
Kopp’s law that the atomic volumes are additive. In the case of 
most of the elements, the values adopted for the atomic volumes 
are averages of very different figures; the values for cobalt, for 
example, deduced from the oxide, chloride, bromide, sulphide, and 
mlphate. respectively, are 7, 9, 2, 1, and 4, the average value, 5, 
being adopted. As the basis for the calculations for obtaining the 
atomic volumes of the elements from the specific gravities of their 
compounds, the following atomic volumes are assumed: 0-6, 
8=16, Cl = 15, Br=22, 1=31. The atomic volumes of the 
halogens and of the alkali and alkaline earth metals are taken as 
approximately half of the values deduced from the atomic weights 
and the specific gravities. 

In order to obtain trustworthy figures for molecular and equi- 
valent weights for ordinary analysis, it is suggested that use may 
be made of the true molecular volumes of the commoner reagents. 
The molecular weight of oxalic acid, for example, is 1 26*058, calcu- 
lated from the accepted atomic weights. The specific gravity being 
1 64, the value to be subtracted to arrive at the “ air molecular 
weight is 0*076, giving the value for use in volumetric analysis 
as 125*982 . By addition of the air atomic weights given in the 

3* 2 
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table, the value 125 976 is obtained, which agrees with the 5g Ure 
of 125-982 obtained from the molecular volume better than does 
the figure 126*058 obtained by addition of the accepted atomic 
weights. This argument is repeated for the various reagents used 
in iodine determinations. It is shown, also, that in analysis of 
organic compounds for the elements, use of the "air atomic 
weightg” would reduce the hydrogen content by nearly 1% 0 {‘ 
its value, and since in analysis the hydrogen content as a rule is 
somewhat too high, it is contended that the use of the “air atomic 
weights” will give more accurate results. S. I. L. 

The Importance of Electrical Conductivity in Analytical 
Chemistry. I. M. Kolthoff (Ckem. Weekblod , 1918, 15, 
889 — 896). — The determination of conductivity can be employed iu 
a great number of cases as an aid in quantitative analysis, and is 
very simply and easily carried out. The author has indicated a 
few cases of the application, leaving to later papers the detailed 
account and the theoretical discussion. The general cases that 
arise in volumetric work can be divided into two classes : (1) reac- 
tions in which all the ions remain, in solution; in this case, the 
conductivity will generally increase; (2) reactions in which ions 
disappear. In the second class, the conductivity may (a) diminish, 
(b) remain unaltered, (c) increase. Suppose a material CD to be 
added in solution to a solution of AB, and suppose AD to be 
precipitated as a result of the reaction ; the nett result is that in 
the original solution the B ions remain, whilst the A ions are 
replaced by C. If the specific conductivity of A is greater than 
that of (7, the conductivity will rise; this occurs, for example, in 
the neutralisation of a strong acid by a base, the H ion being 
replaced by the ion of the metal of the base. In the titration of 
hydrochloric acid by means of sodium hydroxide, for example, the 
conductivity falls rapidly until all the acid is neutralised; if more 
alkali be added, the conductivity begins sharply to increase. By 
plotting the conductivity of the solution against the quantity oi 
alkali is added, the conductivity begins sharply to increase. Bv 
neutral point of minimum conductivity The application would 
be of great use, for example, with a strongly coloured solution for 
which no colour indicator could be used. 

If, in the above cases, the conductivity of A is equal to that of 
C , which may happc y when a precipitate is formed, the conductivity 
will change very little until the reaction is complete, after which 
further addition of the second solution causes a rapid increase. 
Here, also, the measurement can be of importance for analysis, 
especially where the precipitate forms slowly or is microcrystalline. 
In the case of neutralisation of weak acids or bases, the conductivity 
generally increases during the titration, since the slightly di f * 
soeiated acid is replaced by a highly dissociated salt. Further 
addition of the base causes a sharp rise in the conductivity, by 
reason of the presence of the hydroxyl ion. If the values & re 
plotted, the neutral point can easily be determined, and the method 
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js of wide application in this case, since colour indicators are not 
available with weak acids and bases. 

Further applications are, for example, titration of a weak acid 
in the presence of a strong acid, determination of the combined 
alkali in a salt of a weak acid, determination of basic or acidic 
properties of a substance, as, for example, the acid character of 
hydrogen peroxide, etc. Similarly, the concentration of an electro- 
lyte can be determined from the conductivity with the help of 
tables, and determinations of conductivity combined with specific 
gravities or other physical constants can be used for analysis of a 
mixture of two electrolytes. In food analysis, also, the deter- 
mination may be of great use. S. I. L. 

The Effect of Dilution in Electro-titrimetric Analyses. 

Gilbert Arthur Freak (T., 1919, 115, 55 — 61). 

The Quinone Phenolate Theory of Indicators. Spectro- 
photometric Study of the End Points and Fading of 
Phenolsulphophthalein Indicators. Charles L. Brighthan 
J. J. Hopfield, JM. R. Meacham, and S. F. Acree (/. Amer. 
('hem. Soc., 1918, 40, 1940 — 1944). — 1 The present communication 
deals with phenolsulphophthalein and its tetrabromo- and tetra- 
nitro-derivatives. It is found that these indicators have a number 
of properties which make them the best series yet developed. They 
are twice as deeply coloured as phenolphthalein in alkaline solution 
and show sharper colour changes. The excess of alkali necessary 
to produce the end-point of the neutralisation of the indicator does 
not cause any appreciable fading in either short- or long-time 
periods in the case of phenolsulphophthalein and its tetrabromo- 
derivative. The colour of phenolsulphophthalein in phosphate 
buffer solutions does not fade appreciably even in considerable 
periods of time. 

Standardised stock solutions of phenolsulphophthalein can be 
kept in an ice-box without appreciable change, or even at ordinary 
temperatures if care is taken to prevent contamination, and will 
then show the same absorption index when treated with an excess 
uf alkali at different time periods. Different samples of the same 
lot of solid phenolsulphophthalein will give the same absorption 
index when treated with an excess of alkali. 

An excess of alkali in solutions of tetranitrophenolsulpho- 
nhthaleiu causes a fading of the intense red colour to a light yellow, 
tie time of fading depending on the amount of alkali and other 
o xnerim ental conditions . 

Retails of the experimental methods are promised in a sub- 
sequent paper. H. W. 

The Elimination of the Volume of a Precipitate. H. P. 

Steenberoen (Chem. Weekhlad , 1918, 15. 1268— 1269).— It is 
sometimes convenient, in order to avoid the washing of a pre- 
cipitate, to make the estimation of a soluble constituent of a solu- 
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tion in presence of the precipitate. This may be done by diluting 
the mixture to two known volumes and estimating the concentration 
of the solution in each case. A simple formula involving the con- 
centrations thus found is given for the correction required for the 
volume occupied by the precipitate. W. S. M. 

The Significance of the Electrical Conductivity in the 
Analysis of Potable Water. I. M. Kolthoff ( Ghem . Week- 
blad , 1918, 15, 1160 — 1183). — The determination of the electrical 
conductivity has been used by Reichert, Kohlrausch and Holboni, 
and others as a rapid method for estimating the total solid con- 
stituents in ordinary potable waters. For this purpose, a mean 
equivalent weight and a mean equivalent conductivity are assumed. 
The author shows how untrustworthy are the results obtained by 
this method with different types of water. A series of measure- 
ments on the conductivity of dilute aqueous solutions of those salts 
which are ordinarily present in drinking-water, such as sodium 
hydrogen carbonate, chloride and sulphate, potassium nitrate, 
calcium chloride and sulphate, magnesium chloride, etc., and of 
binary mixtures of these, establishes the rule that the degree of 
dissociation of each salt in the mixed solution is that which corre- 
sponds with the total concentration of electrolyte, even in the case 
where the salts have no common ion. By means of this rule, the 
author has prepared tables which permit the calculation of the 
equivalent conductivity of a mixture when the chemical composi- 
tion of the solution is known. The comparison of the calculated 
and the measured conductivities of a water affords a check on the 
chemical analysis. W. S. M. 

Chlorometry . Octave Lecomte [Bull. Sci. Phcuntuicol, 1918, 
25, 217 — 218; from Ghem. Zejitr., 1918, ii, 762 — 763). The 
author estimates the active chlorine in bleaching powder or in 
hypochlorites by titrating a known quantity of stannous chloride 
with y /10-potassium permanganate first with and then without 
the addition of the hypochlorite solution. H. W. B. 

Detection of Hydrogen Chloride in Chloroform. P. 

Yorlandkr (Bee. dent. Ph-arm. Ges., 1918, 28, 385—388). 
Neutral chloroform when shaken with a very small quantity of 
dimethylaminoazobenzene gives a yellow-coloured solution; if the 
chloroform contains / trace of free hydrochloric acid, the yellow 
coloration changes to violet-red. Carbon dioxide and anhydrous- 
formic and acetic acids, in chloroform solution, do not give a red 
coloration with dimethylaminoazobenzene. [See, further, J. Sor. 
Chan. Ind. y 1919, 55a.] W. P. S. 

Volumetric Estimation oi the Sulphion. R. Howdis 
(Ghem. News, 1918, 117, 383).— A rapid, approximate method for 
the estimation of soluble sulphates of the alkali metals in solution 
is based on their decomposition by barium carbonate. The solu- 
tion is ■•hakej? with pure precipitated barium carbonate m 
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presence of phenolphthalein,' and standard hydrochloric acid is 
then run in until the red colour is discharged. The solution is 
liltered and the titration completed on the filtrate usimr 
methyl-orange as indicator. The addition of acid before filtration 
appears to be necessary to complete the decomposition of the soluble 
sulphate by the barium carbonate. [See also J. Soc. Chew /„,/ 
1919, 57a.] ft jj ft 

Folin's Direct Nesslerisation Method for the Estimation 
of Nitrogen. Lovell Langstroth (J. Biol Chern ., 1918 36 
377— 380).-— Accurate results are obtained even when impure 
sulphuric acid is employed for the digestion provided the necessary 
corrections are made, the latter being ascertained by control blank 
experiments (compare Folin and Denis, A., 1916, ii, 573 ). 

H. W. B. 

Estimation of Phosphorus by the Nephelometric Method 

Edward B. Meigs (./. Biol, Chern., 1918, 36, 335—346) 
Accurate estimations of phosphorus by means of ’the strychnine 
molybdate reagent (compare Kober and Egerer, A 1915 ii 794 ) 
tan only be obtained by adhering strictly to the prescribed pro- 
cedure. H W A 


Action of Iodine on Hypophosphorous Acid and Phos 
phorous Acid. Application to the Estimation of Hvno- 
phosphites and Phosphites. Boyer and Baozi l (J Pham 
rh " )L > l 9 , 1 . 8 ’ [ vii l> l Q > 321- -334). — In sulphuric acid solution,’ 
iodine oxidises hypophosphorous acid to phosphorous acid according 
to the equation H 3 P 0 2 + I 2 + H 2 0 = H 3 P0 3 + 2 HT. This reaction 
lequires about ten hours for completion. The oxidation proceeds 
J >tage further if the solution is treated with an excess of sodium 
hydrogen carbonate, the phosphorous acid being then converted 
uito phosphoric^ acid, H 3 P 0 3 + 1 2 i II 2 0-H s P0 4 + 2 HI. In this 
! -i-r T° -.°iI irS c ? utact 15 required, and the mixture must be 
™ W r f ace “ acld before tb * «««- of iodine added is 
Muted, [bee, further, J. Soc. Chan. Ind-., 1919, February.] 

W. P. S. 

of Carton^nfo ^ h 6 ib M er T Apparatus for the Estimation 

15 -r - D , de - M ‘ J - VA!i ’ T Kruys i Ch *m. Weckblad, 1918, 
mJjtt ° rd , er t0 raeet the " eed for a Soheibler 

i It f ft I® ^ r ‘ c « tural Testing Station at Maastricht, and 
oririMl ; he r “*>ber in Holland, a modification of the 

neied bt?r r?tUS i h - a L b f " made - The rubber ba S and the three- 
an,) tt e ln wb ! ch thls 18 contained between the reaction flask 
which apparatus have been removed. The error 

allowprl f aVe ^ een cause( ^ carbon dioxide evolved been 

vessel ; s ‘l “™ e . 1 " to c ? ntact with the water in the measuring 
■ obviated by using water saturated with carbon dioxide. 
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In its modified form, the apparatus is found to give more accurate 
results than in the original form. 8. I. L 

Estimation of Carbon Dioxide in Carbonates. Dosaik 
D. Van Slyke ( J . Biol. Ckem., 1918, 36, 351 — 354).^~Xhe 
carbonate, either pulverised or in solution, is placed at the bottom 
of a test-tube, 20 to 25 mm. in diameter, which is placed in a 
250 c.c. suction flask containing an excess of Nj 10-barium hydr- 
oxide solution. A rubber stopper carrying a small dropping 
funnel is inserted into the flask so that the bottom of the funnel 
dips into the test-tube. The flask is then exhausted to a pressure 
of 50 mm. or less, and the outlet closed with a screw clamp. i \ ll 
excess of A-hydrochloric acid, usually about 5 c.c., is admitted 
slowly from tfie funnel. When the rapid evolution of carbon 
dioxide has ceased, the solutions are both agitated by a rotary 
motion for three minutes. In the case of most substances, this 
period is sufficient for the complete transfer of carbon dioxide from 
the inner tube to the barium hydroxide solution. In the analyse 
of unashed animal tissues, a longer time is necessary, and in the 
case of bones, at least two hours should be allowed, the solutions 
being stirred by rotation occasionally during this period and con 
tinuously for three minutes at the end of it. 

When the reaction is completed, the vacuum is released, the 
barium carbonate filtered off. and the filtrate titrated with V / 10- 
hydrochloric acid, using phenolphthalein as indicator. 

The method appears to be applicable to all carbonates, soluble or 
insoluble, in the absence of acids, such as hydrogen sulnhide, which 
are highly volatile from aqueous solution. H. W. B. 

A Physicochemical Method of Estimating Alkali 
Carbonates in the Presence of Alkali Hydroxides. Ap- 
plication to the Analysis of Flue Gases. Rene Dubrisay, 
Tripier, and Toquet ( Com/pt . rend., 1919, 168 , 56— 59).— If 
50 c.c. of various solutions, having the same alkalinity, but con- 
taining varying proportions of sodium hydroxide and sodium 
carbonate, are mixed with 50 grams of phenol, heated until solu- 
tion is complete, and then allowed to cool, it is found that the 
temperature at which the solution first becomes turbid is higher 
as the proportion of sodium carbonate to sodium hydroxide 
increases. The au liors have plotted curves for solutions havin':, 
respectively, a total alkalinity of 2V, N, Nj 2. and Nj 4, showing 
the relationship of temperature to sodium carbonate present. By 
means of these, the amount of sodium carbonate in a given solu- 
tion containing both carbonate and hydroxide may readily be deter- 
mined by bringing the total alkalinity up to one of the four 
strengths given above by addition of sodium hydroxide, then P T0 ‘ 
ceeding as described above and reading off the amount of sodium 
carbonate present from the curve. 

For the determination of the amount of carbon dioxide present 
in flue ga?es, 1 litre of the gas is bubbled through 71*5 c.c c ‘ 
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.V/ 4-sodium hydroxide, and then the above estimation is carried 
out* on the resulting liquid, the amount of carbon dioxide present 
in the flue gases being readily calculated from the amount of 
sodium carbonate found in the solution. yy q 

Estimation of Alkali Hydroxide and Alkali Carbonate 
in Alkali Hypochlorite Solution. M. Philirekt (/. Pharm 
Chm* 1918, [to]. 18 > 260— 272).— The total alkalinity is found 
by treating a portion of the sample with a measured excess of 
.V / 10-hydrochloric acid and potassium iodide solution, titrating the 
liberated iodine with thiosulphate solution, then adding potassium 
iodide-iodate solution, and again titrating the iodine with thio- 
sulphate solution ; the latter titration is a measure of the quantity 
of the added acid which remains uncombined, and the difference 
corresponds with the alkalinity of the sample. To estimate the 
free alkali hydroxide, another portion of the solution is treated 
with a measured quantity of Nj 10-barium hydroxide solution, 
barium chloride solution is also added, the mixture diluted to a 
definite volume, filtered, and the alkalinity of the filtrate titrated 
as described above. The difference between the quantities of free 
and total alkali gives the amount of alkali carbonate. [See, 
further, J. Soc. Chcm . Ind 1919, February.] P S. 

Carnot’s Method for the Estimation of Potassium Salts. 

Carolina Etile Spegazzini (Anal. Soc. Quim. Argentina , 1918, 
6, 196— 209) —Analyses according to the original prescription of 
Carnot (this Journal, 1877, ii, 921) gave results in every case much 
too high. The same method as modified by Grandeau and by 
Fresenius also gave high results. 

# is essential in the preparation of the bismuth chloride solution 
from the subnitrate to give particular attention to the acidity and 
temperature of the resulting solution, the optimum acidity being 
determined by precipitation of a known quantity of potassium 
from .V/ 10 -solution. 

Good results were obtained only with pure dilute solutions of 
potassium chloride (J/10— tf/1). ‘Nitrate solutions also gave good 
Jesuits, but with sulphate solutions the results were much too low. 

^Yith mixtures of potassium chloride and calcium chloride, mag- 
nesium chloride, or sodium chloride, the method is satisfactory only 
wnen the potassium salt is in excess. W. S. M. 

Method lor the Estimation of Potassium in Blood. 

w * Clausen (7. Biol. Cliem 1918, 36, 479— 484).— Two c.c. of 
plasma or 1 c.c. of blood are oxidised by boiling with 5 c.c. of a 
mixture of sulphuric and nitric acids (1 : 20) for half an hour. The 
exc ^ ss ™tric acid is quickly evaporated, and the residual liquid 
washed into a beaker, rendered alkaline, and then evaporated to 
r yness. The residue is taken up in glacial acetic acid and the 
P° assium precipitated by sodium cobaltini trite. The precipitate 
18 ^fected and then heated with dilute sodium hydroxide, which 
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changes all the nitrite groups to sodium and potassium nitrite 
whilst the cobalt is precipitated as the insoluble hydroxide. The 
nitrites are then estimated by acidifying with sulphuric acid and 
titrating with permanganate at 70°. 

The method appears to give accurate results. H. W. B. 

Gravimetric Analysis. VIII. Separation of Calcium 
from Magnesium. L. W. Winkler (Zeitsch, angew . Chen., 

1918, 31 , 214 — 216). —The following method was found to be 

the most trustworthy for the separation of calcium and mao- 
nesiura. The neutral solution, measuring 100 c.c. and contain- 
ing not more than 01 gram of calcium and O’ 05 gram 
of magnesium, is treated with 3 grams of ammonium chloride 
and 10 c.c. of J/l-acetic acid, then boiled, and 20 c.c. of 
2*5% ammonium oxalate solution are added slowly. The pre- 
cipitated calcium oxalate is collected after twenty-four hours, dried 
at 100°, and weighed. The magnesium in the filtrate is precipi- 
tated and weighed as ammonium magnesium phosphate (compare 
A., 1918, ii, 455). W. P. S. 

Volumetric Estimation of Barium. Thos. Steel (Analyst, 

1919, 44 , 29). — In the method proposed by Waddell (A., 1918 . 

ii, 407), the use of water saturated with barium chromate is recom- 
mended for washing the precipitate of barium chromate. [See. 
further, J. Soe. Chew. 2nd., 1919, February.] W. P. S. 

Estimation of Copper by Means of Potassium Thio- 
cyanate, Potassium Iodide, and Thiosulphate. I. M. Koltboff 
(Chem. Zeit ., 1918, 42 , 609- 610). — The process as described by 
Bruhns is criticised, and modifications are suggested; trustworthy 
results are obtained if the copper solution is acidified with sulphuric 
acid after the potassium iodide has been added. The method may 
be used for estimating the excess of copper in sugar estimations 
and for estimating copper in the presence of iron, provided that 
sodium pyrophosphate is added to inhibit the action of ferric salts. 
[See, further, J. »SV. Chem. 2nd., 1919, February.] W. P. 8. 

Estimation of Copper and Sugar. G. Bruiins (Zcilwih 
an <jew. Chem., 1918, 31, 2-16). — A reply to Schoorl and KoItholTs 
modification of the method described originally by the author (A., 
1918, ii, 276). W. P. S. 

A Very Exact and Rapid Method for the Estimation of 
Mercury in the Majority of its Compounds. S. Pina de 
Rubies (.Two/. Fin, Quint. t 1918, 16, 661 — 689).--The method pro- 
posed is a combination of the method of Rose-Finkener and that 
of Eschka, combining the accuracy of the former with the rapidity 
of the latter. A critical discussion of both methods with the luotii- 
lcations introduced by Cumining and Macleod, and Biewend and 
Holloway, is given, together with a bibliography of recent litera- 
ture on the subject since 1914. 

The new method as applied to the analysis of mercury mineral? 
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■ as follows. The mineral is mixed intimately with fine iron 
powder, and is carefully heated in a porcelain crucible int-o which 
£ closely fitted as a cover a small crucible of gold or silver for the 
condensation of the volatilised mercury. The cooling of the upper 
crucible is effected by means of a small bladder of indiarubber 
which, when distended by a steam of cold water, is in close con- 
tact with the whole interior surface. After cooling, the inner 
crucible is washed with alcohol, and the weight of the condensed 
mercury film determined. The results obtained by this procedure 
showed a maximum error of 0*07%. 

jn the case of more volatile compounds of mercury, organic and 
inorganic, anhydrous potassium carbonate and barium peroxide, 
cither separately or mixed, are substituted for the iron powder. 

When the substance to be analysed contains much moisture, for 
example, a solution, a weighed quantity is evaporated to dryness 
in the porcelain crucible after the addition of sodium sulphide, and 
the mercury is determined as before. 

The method is applicable without special modification to the 
analysis of mercury fulminate and fulminate mixtures. 

W. S. M. 

Analysis of Aluminium Alloys. A. Travers ( Chim . cl 
lw?. t 1918, 1, 708 — 711). — The alloy is heated with sodium hydr- 
oxide solution containing a small quantity of sodium carbonate, 
and the mixture is filtered. The filtrate contains the zinc and 
aluminium; the zinc is precipitated as sulphide and estimated 
a ci d im e tri call y after precipitation as ammonium zinc phosphate, 
whilst the aluminium is estimated by Stock’s method. The in- 
soluble portion of the alloy is then dissolved in nitric acid, the 
solution boiled with the addition of ammonium persulphate, the 
iroti and manganese precipitated with ammonia, the precipitate 
then dissolved in hydrochloric acid, and the iron titrated with 
titanium trichloride solution ; manganese is estimated in a separate 
portion of the alloy by the persulphate method. If cobalt and 
nickel are present, they must be separated as sulphides before the 
manganese is estimated ; cobalt is precipitated by means of 
0 nitrosonaphthol. The magnesium is estimated in the filtrate 
from the iron and manganese precipitates, and copper is estimated 
iodometrically in a separate portion of the sample. [See, further, 
■l Sor. Chew. Ind., 1919, February.] W. P. S. 

Analysis of Aluminium Alloys and Metallic Aluminium. 

■1 J. Fox, E. W. Skelton, and F. R. Ennos (J. Soc. Chew.. Iml ., 
1918, 37, 328 — 333t).--A detailed description is given of methods 
suitable for the separation of lead, manganese, silicon, copper, tin, 
iron, zme, magnesium, and nickel in aluminium and in aluminium 
“Hoys containing a low or high proportion of zinc. W. P. S. 

Estimation of Molybdenum in Ferromolybdenum. W. 

Hoeffner and 0. Binder (Chew. Zed., 1918, 42, 564).— A 
weighed quantity of about 0 5 grain of the sample is heated with 
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nitric acid (D 1*2), sulphuric acid is then added, and the heatin* 
continued until sulphuric acid fumes are evolved ; the solution i$ 
diluted to 250 c.c., heated with the addition of a few drops 0 { 
nitric acid, and the iron precipitated with ammonia. The p tfr 
cipitate is dissolved in sulphuric acid and reprecipitated. Tts 
two filtrates, which now contain all the molybdenum, are mixed 
treated with 50* c.c. of ammonium sulphide, then acidified with 
sulphuric acid, and heated. The precipitated molybdenum sulphide 
is collected and weighed, or it may be converted into molybdic 
acid by ignition. Traces of impurities may he separated by dis- 
solving the molybdic acid in ammonia. Copper, if present, mav 
be separated as described previously (A., 1918, ii, 372). 

W. P. R. 

The Precipitation of Zirconium Phosphate. George Steiger 
(./. Washington Acad. Sci., 1918, 8, 637 — 639). — In estimatin': 
zirconium in minerals by precipitation as phosphate, the compost 
tion of the precipitate approximates more closely to that of normal 
zirconium phosphate as the acidity of the solution increases. The 
presence of as much free sulphuric acid as possible is advisable to 
prevent simultaneous precipitation of iron and titanium phos 
phates, whilst thorough oxidation with hydrogen peroxide is also 
necessary to prevent titanium precipitating. At least 3%, and 
possibly as much as 5%, of free sulphuric acid may be present 
without interfering with the accuracy of the results. Other phos- 
phates, with the exception of those of the rare earth metals, are 
readily soluble in the acid solution, and may be separated from 
the filtrate. [See also J. Soc. Chem . Ind,, 1919, February.] 

C. A. M. 

Analysis of Commercial “Pure” Benzols. F. Butler 
Jones ( J , Soc. Chem. Ind., 1918, 37 , 324 — 32 7t). — I n a mixture 
containing benzene, thiophen, toluene, carbon disulphide, and 
“paraffin,” the quantity of carbon disulphide is proportional to 
the difference between the freezing points of the mixture before 
and after its removal ; similarly, the subsequent removal of the 
thiophen (by means of basic mercuric sulphate) also results in » 
difference in the freezing point which is proportional to the amount 
of substance removed. The residual liquid is a mixture of benzene, 
toluene, and “ paraffin ” ; the difference between its freezing point 
and that of pure be.&ene gives the sum of the amounts of toluene 
and “paraffin” present; the specific gravity of the liquid in con- 
junction with the freezing point affords a means of estimating 
these two constituents. A graph is given for solving the four 
equations involved. W. P. S. 

Modification of Webster's Test for Trinitrotoluene in 
Urine. F. Turn ( Lancet , 1918, ii, 554 ; from Physiol. Abstr., 
1918, 3, 452). — The urine is extracted with ether, acidified ^th 
mineral acid, and again extracted with ether; in the second extract, 
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an azoxy-compound from trinitrotoluene gives a violet coloration 
w ith alcoholic potassium hydroxide. The modifications now pro- 
posed are in part minor ones, such as the number of times extrac- 
tion is performed, but an important change consists in extracting 
the final ether extract with dilute sodium carbonate solution ; this 
removes substances which mask the characteristic colour of the 
Webster reaction. * H. W. B. 

Estimation of Small Quantities of Ethyl Ether in Ethyl 
Alcohol. H. E. Cox (Analyst, 1919, 44, 26 — 27). — The 

inethod depends on the fact that alcohol of 99% and upwards distils 
unchanged; any ethyl ether present passes over in the first frac- 
tions, and a mixture of constant boiling point is not formed. The 
amount of ethyl ether may therefore be estimated from the specific 
gravity before and after distillation, the specific gravity of the 
alcohol being taken as that obtained after removal of the ethyl 
ether. [See, further, J. Soc. Chem. Ind., 1919, February.] 

W. P. S. 

The Use of Diastatic Reagents. (II) The Detection of 
Pyramidone and the Differentiation of the Naphthols. 

Luciano P. J. Palet (Anal. Soc. Quim. Argentina , 1918, 6, 

150 257). — To the solution of pyramidone are added some small 

pieces of the root of lucerne, which contains oxydases and per- 
oxydases. A violet-blue colour is produced on the root fibres on 
keeping. The addition of hydrogen peroxide accelerates the 
appearance of, but does not intensify, the colour. The further 
addition of a-naphthol immediately produces an intense wine-red 
colour characteristically different from that produced by 
flnaphthol. This constitutes a delicate test for the presence of 
small quantities of a-naphthol in /3-naphthol. W. 8. M. 

Assay and Estimation of Nitroso -/3-naphthol. Paut. 
X i colard ot and Lucien Valli-Douau (Bull. Soc . chim., 1918, 
[iv], 23, 455 — 459). — For the assay, 2 grams of the material dried 
at 35° are dissolved in 120 c.c. of acetone in the cold, diluted to 
’200 c.c. with water, and 100 c.c. of this solution is titrated with 
a 15% solution of iron alum previously standardised against pure 
uitroso-jS-naphthol, the end-point being shown by means of 
ammonium thiocyanate as an external indicator. 

for an exact estimation, an excess of iron alum is added to the 
solution prepared as above, and the precipitate formed is left over- 
night, collected, washed free from iron salts with water, dried at 
h)°, and weighed. It contains 907% of nitroso-jS-naphthol. 

W. Gr. 

Volumetric Estimation of Reducing Sugars. A Simpli- 
fication of Scales's Method for Titrating the Reduced 
Copper without Removing it from the Residual Copper 
®?? u ^ on - W. Blair Clark (/. Amer. Chem. Soc., 1918, 40, 
17;)9 — 1772. Compare A., 1916, ii, 117). — The principle of the 
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method here described is as follows. The sugar solution to ^ 
analysed is boiled under standard conditions with a copper citrate 
carbonate solution, and the cuprous oxide dissolved by means of 
hydrochloric acid. Standard iodine solution is then added to 
oxidise the cuprous salt, and the excess of iodine titrated by ineaa> 
of sodium thiosulphate. To obtain consistent results, it is neces- 
sary to carry out^the whole operation under exactly standard con. 
ditions. These conditions and the strengths of solutions to he used 
are indicated for quantities of reducing sugar up to 0 0/5 gram, 
It is essential, however, for the worker to standardise his own 
conditions. The sugar factor of the sodium thiosulphate must- to 
determined on a known sample of reducing sugar, using approxim- 
ately the same quantity as that to be determined and the same 
conditions of reduction" The ratio of copper to reducing sugar is 
approximately constant, the greatest variation occurring with small 
quantities of sugar. 

It was found that sucrose in quantities not exceeding 100 mg. 
per 10 c.c. and 50% ethyl alcohol do not reduce copper citrate- 
carbonate solution, but 10% formaldehyde effects a small reduction, 
[See also J. For. dim. 1ml., 1919, February.] E. H. K. 


Source of Error in the Use of Picric Acid in Colori- 
metric Estimations in Biological Fluid* Alice Rohde and 
Marion Sweeney (•/. Bio?. (Jhcm . , 1918, 36. 475 477). It is 
shown that picric acid which has been preserved in a moist condi- 
tion for several months loses some of its power of precipitating 
chromogenic substances in the blood. The use of such picric arid 
for the estimation of dextrose in the blood by the Benedict-Lewi? 
colorimetric method would yield t-oo high values. H. W. B. 


The Colorimetric Estimation of Sugar in the Blood by 
the Reduction of Picric Acid. C. Salomon (Biochem. Zeitsck 
1918, 90, 39 — 52). — As a result of the critical examination of the 
method of Lewis and Benedict and its modifications, the author 
arrives at the conclusion that it has considerable value as regard 
accuracy and speed for clinical investigations, S. B 8 


Estimation of Dextrose in the Blood. F. Hamel (M. 

,SV. Pharmacol ., 1918, 25, 223—224; from diem. Zentr, 
1918, ii, 769). — Ten c.c. of venous blood are treated with 10 ce. 
of a 10% solution of trichloroacetic acid, and, after removal of the 
precipitated protein; the dextrose is estimated by Fehlings solu- 
tion in the usual way. H. - B. 


Estimation of Sugar in Milk and Urine. B. Bjolusa 
{diem. Wcekblad, 1918, 15, 1483— 1485).— The method of Folm 
and Denis (A., 1918, ii, 208) for estimating sugar in milk and urine 
is recommended. A. -L > 

Estimation of Lactose. E. Hildt ( Compt . rend., l&LN 
167 , 756—759). — For the determination of lactose in milk in which 
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the sugar has undergone more or less hydrolysis, the author recom- 
mends completing the hydrolysis by means of sulphonic acids, such 
as those of benzene or phenol or those described by Twitched (A., 
1900, ii, 296), and determining the cupric reducing power. One % 
solutions of these acids hydrolyse 0*5% solutions of pure lactose in 
four hours at 100°, but milk serum requires longer heating. No 
destruction of galactose occurs as when mineral lb ids are employed. 
In the determination of reducing power, using 10 c.c. of boiling 
alkaline copper solution, 0*0506 gram of hydrolysed lactose is 
equivalent in reducing power to 0*0708 gram of lactose hydrate or 
11-0495 gram of invert-sugar. 

Considerable destruction of sugar takes place when the solids of 
milk which has become unsound are dried at, 100°; this is attributed 
to the formation of melanoidins (see Maillard, A., 1912, i, 169) 
by interaction of sugar and proteolytic products. [See, further. 
./. Soc. Chem. Ind 1919, 51a.] J. H. L. 

Micro estimation of Lipoids by Titration. Ivan Bang 

(Bioi'hem. ZeiUch., 1918, 91. 86 — 103). The fats are oxidised by 
J 10-potassium chromate solution at the ordinary temperature in 
presence of excess of sulphuric acid. Excess of chromate solution 
is then estimated by the addition of potassium iodide and the 
titration of the liberated iodine by thiosulphate solution. The 
fat (from blood, etc.) is taken up in benzene solution, a little alkali 
is added (to emulsify the fat), and then the solvent is distilled off. 
Cholesterol can be estimated in the same manner (and the same 
factor is used in making the calculations; this factor is determined 
empirically, as under the conditions of experiment employed, the 
oxidation is not complete). When cholesterol is present with fats, 
the determination of both constituents can be made by precipita- 
tion of the cholesterol as digitonide, which is insoluble in benzene. 
When cholesterol esters are present with fats, the determination 
of the amounts of the constituents can be made in two ways. 
Either a strength of alkali can be employed which will hydrolyse 
i he fats, but not the cholesterol ester, which can then be separated 
from the soaps by benzene, or sufficient alkali can be added to 
saponify both fats and cholesterol esters, and the cholesterol can 
then be extracted by benzene and estimated separately. In 
another portion, fats and esters can be estimated together by oxida- 
tion. A series of experiments on the oxidation of the lecithides is 
also described. S. B. S. 

The Micro-estimation of the Lipoids of the Blood. 

I var Bang (Biochem. Zeitsch 1918, 91, 235 — 256). — An amplifica- 
tion of the author’s micro-method (preceding abstract) is given. 
Cholesterol and neutral fats are extracted first by a fraction of 
light, petroleum of low boiling point containing chiefly pentane. 
These can be separated by the method already given, using the 
digitonin compound of cholesterol. After extraction with 
petroleum, the blood is extracted with 92% alcohol in the cold. 

his fraction contains the phosphatide and the cholesterol esters. 

S. B. S. 
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Gravimetric Estimation of Glycyrrhizin. A, Astbk 
and (Mlle.) G. Pichaiid (J , Pharm. Chim., 1918, [vii], lg 
289 — 290). — Three grams of dry liquorice extract are dissolved in 
30 c.c. of water containing five drops of ammonia, the solution is 
filtered, and 20 c.c. of the filtrate are treated with 2*5 c.c. of 
sulphuric acid ; the precipitated glycyrrhizic acid is collected after 
twenty-four hoursflwashed with 30 c.c. of water, then dissolved in 
ammonia, and the solution evaporated. The residue is dried at 
100° and weighed; to the weight obtained is added 0*04 gram as 
a correction for the solubility of the glycyrrhizic acid in the wash 
water. [See, further. J. Sue. Chew. 2nd., 1919, February.] 

W. P. S. 

A New and Delicate Reaction of Pyramidone and its 
Differentiation from Antipyrine. Luciano P. J. Palet 
Soc. Quim. Argentina , 1918, 6, 151 — 155); — The author finds that 
an acid solution of pyramidone when treated with a few drops of 
an acid solution of potassium ferricyanide and ferric chloride gives 
an intense blue coloration and precipitate of Prussian-blue. The 
test is very delicate. With antipyrine, a blood-red colour is 
obtained with the same reagent. This colour is converted into a 
pale yellow by the addition of a few drops of hydrochloric acid. 
The tost is therefore carried out in hydrochloric solution, which 
permits the blue due to the presence of pyramidone in a mixture 
to emerge. In this way, 1/100 part of pyramidone may be detected 
in one part of antipyrine. 

Phenacetin, acetanilide, aspirin, exalgin, and caffeine give no 
reaction with the reagent. W. S. M, 

The Reaction of the 1 ' Ferrif erric '’Reagent with Alkaloids, 
Glucosides, and other Vegetable Principles. Luciano P. J. 
Pat.et {Anal. Soc. Quim. Argentina , 1918, 6, 156 — 158).— An 
extension of the application of a mixed solution of potassium ferri- 
cyanide and ferric chloride as a reagent (see preceding abstract) 
to the characterisation of alkaloids, glucosides, and other substances 
of vegetable origin. 

Of 102 substances of this kind tested, 42 gave a positive reaction, 
that is, a more or less intense blue coloration. W. S. M. 

Estimation of Phenacetin and other p-Aminophenol 
Derivatives hy Means of Hypochlorous Acid. A. D. Powell 
{Analyst, 1919, 44, 12 — 25). — For the estimation of p-aminophenol, 
p-phenetidine, etc., the substance is treated with hydrochloric acid 
and sodium hypochlorite solution, the excess of chlorine is removed 
by a current of air, potassium iodide is then added, and the 
liberated iodine titrated with thiosulphate solution. In the first 
phase of the reaction, p-benzoquinonechlorimine is formed; this, 
after the removal of the excess of chlorine, reacts with hydriodio 
acid, liberating four atoms of iodine 3 p-aminophenol being re-forme ■ 
In the case of phenacetin, a preliminary boiling for two hours wit 
hydrochloric acid is necessary. Bach c.c. of IF/10-thiosulp & e 
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, 0 |ulion is equivalent to 0-0.0273 gram of /Kuninophenol 0-00343 
grain of p-phenctidine, or 0-00448 gram of pheuacetiu. [See 
further, ./. S'oc. (-hem. lnd. y 1919, February.] \y p ^ ’ 

Arsenotungstic and Arsenotungstomolybdic Complexes 
a s Reagents for Phenolic Amines. Luis Gcglialmblli (dim/ 
Jrffentuw, 1918, 6, 183—193).- Regents prepared by 
I filing solutions of sodium tungstate with arsenic acid, and a mix- 
ture of sodium tungstate and molybdate with arsenic acid, until 
concentrated hydrochloric acid no longer produces a precipitate, 
have been shown to give delicate colour reactions with phenols 
ami some purine derivatives. The same reaction, that is, an intense 
blue colour, is given by phenolic amines. The author has investi- 
gated a large number of substances of this class, and also nitro-. 
fill phonic, and hydroxy-derivatives of these. Positive results were 
given with the first reagent with the substances NH/OTf 
XIL-NH,. NHE-NLL, NHR-NIIR, NHR-OH, and also' with 
compounds containing the same groups separated from each other, 
but united directly to a benzene, naphthalene, purine, or pyrazolone 
nucleus. The second reagent reacts with substances containing the 
same groups, and, in addition, with substances containing one 
amino-group, for example, aniline. W. S. M. 

Estimation of the Carbamide Fraction in Blood. Heinumi 

toirii and Franz Urban (Wim. Ktin. TJ ’ocheitxehr., 1918. 31, 
892 896 ; from Chew. Zen-tr., 1918. ii, 673).— The blood serum 
is freed from albumin by treatment with sulphosalicylic acid solu- 
tion (20 [ !f»); nitrogen is estimated by means of bromine and sodium 
hydroxide in accordance with the method of Knop and Hiifner. 

H. W. 

Detection of Quinine. Hans Salomon (Her. dent, phann. 
<,rx " 1918, 28, 273 275). - The green coloration obtained when 

quinine solution is treated with chlorine and then with ammonia 
"ill detect 1 part of quinine in 10,000. The fluorescence observed 
when a quinine solution is treated with dilute sulphuric acid will 
detect 1 part of the alkaloid in 200,000 parts. It is advantageous 
jo use bromine- water in place of chlorine in the above test, since 
it is easier to add just the requisite quantity; the bromine is added 
until the solution is coloured slightly yellow. Another sensitive 
rea " ent quinine consists of potassium iodide (10 grams), 
mercuric chloride (27 grams), water (200 grams), and glacial 
nretic acid (2-5 grains). [See, further. J. 8 or. Chem hid 1919 

o4a -1 w. p. s. 

Estimation of Quinine in Animal Tissues. W. Pa ms den, 
and E. Whitley (Ann. Trap. Med. Pnrixitaf., 1918, 
12. 233 -238).- -See this vol., i, 106. 

Estimation of Morphine in Complex Products. I. 

evision of the Analytical Reactions Involved. Alfred 

l!N ' r;LE (A>ner. J. Phnrm., 1918. 90 , 689-706).- -A discussion of 
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various methods and reactions used in the estimation of morphine* 
the acidimetric method and iodometric method (depending on the 
formation of the periodide) are trustworthy, but the iodoacidi- 
metric method cannot be used. In methods where the morphine 
is precipitated by ammonia, the. presence of alcohol should he 
avoided. Barium hydroxide solution does not dissolve morphine 
completely in the presence of lead acetate. The statement in the 
British Pharmacopoeia that morphine tartrate gives the react ion* 
of morphine and of tartrates is substantially correct. [See. 
further, J. For. Chem. huh. 1919, 27a.] W. P. X, 

Estimation of Morphine in Complex Products. Ip 
Mixtures containing Morphine as a Simple Salt. Alfreh 
Tingle (A mtr. J. Pharm., 1918, 90, 788—795). — The following 
method is described for the estimation of morphine in powders' 
pilla, etc., provided that the alkaloid is not present in the form 
of opium. Six grams of the sample are warmed with 2 grams of 
calcium carbonate and 20 c.c. of water until disintegrated, 60 c.e. 
of cold saturated barium hydroxide solution are then added, the 
mixture is shaken, diluted to 100 c.c., and filtered. Fifty c.c. of 
the filtrate are treated with dilute sulphuric acid in quantity jn?t 
sufficient to precipitate the barium, the mixture then diluted to 
55 c.c., and filtered. Fifty c.c. of this filtrate are neutralised with 
sodium hydroxide solution, then rendered slightly acid with hydro 
chloric acid, evaporated to 5 c.c., and extracted five times with a 
mixture of chloroform and alcohol (2:1) after the solution ha? 
been rendered alkaline by the addition of a slight excess of 
saturated sodium hydrogen carbonate solution ; 25 c.c. of the 
solvent are used each time. The residue obtained on evaporatinj; 
the solvent from the extract is titrated with N /10-sulphuric acid, 
using cochineal or laemoid as indicator. [See, further, J. iSV. 
Chnn. InJ.. 1919, 54a.] W. P. 8. 

Estimation of Tyrosine in Proteins^ Carl 0. .Johns and 
B. Breese Jones (./. Biol. C hem., 1918, 3^319 — 322). — Tyrosine 
can he estimated in a protein after hydrolysis with hydrochloric 
acid by means of the colorimetric method of Folin and Denis (A.. 
1912, ii, 1012). Tryptophan and hydroxytryptophan are destroyed 
during the hydrolysis, and their decomposition products, as well a- 
oxyproline, do not give anv colour with the FolindDenis reagent. 

H. W. B 

New Contact Test for Albumin in Urine. U. P. Stewart 
(7. Amer. Med. Assoc., 1918, 71. 1050; from Physiol . Afotr., 
1918, 3, 451). — The reagent is an aqueous solution of picric acid, 
magnesium sulphate, and citric acid. H. W. B. 
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The specific rotatory power of a specimen of the hydrobromide 
(containing 2*4 per cent, of water) was determined in aqueous 

solution : 

<^+0*56°; c=3'858; Z=2 dcm. ; [a] D +7*4° for the anhydrous salt. 

Conessin-e hydrogen oxalate forma prisms readily soluble in hot, 
but rather sparingly so in cold, water, and sparingly soluble in 
alcohol. It melts and decomposes at 280° (corr.), and is 
anhydrous. 

Found: C = 62*5; H = 8‘l. 

CaB w N 2 ,2CsH s 0 4 (536*5) requires C = 62*6; H = 8*3 per cent. 


H ol-arrhenine , Q24B38ON2. 

The crude base was first purified by crystallisation from ethyl 
acetate, when it melted at 190°, and then converted into the hydro- 
bromide. This salt was crystallised from water and washed with 
acetone. It was then reconverted into the base, and this was 
recrystallised from ethyl acetate, when it. separated in silky needles 
which melted at 197 — 198° (corr.). It suffers no loss at 100°. It 
is insoluble in water, readily soluble in alcohol or chloroform, but 
sparingly so in cold ethyl acetate, acetone, or ether. 

* Found: C = 77‘5, 77*6, 77 3; H=10*2, 10*3, 10*7; N = 7'7; 
Me(attached to N) = ll*l, 12*2. 

C^HjgONg (370*4) requires C=77*8; H = 10'3; N = 7'6; 
Me(attached to N) = 12*2 per cent. 

The specific rotatory power was determined in chloroform 
solution : , 

ao-O-75 0 ; c=5*248; 1=2 dcm.; [a] D -7-l°. 

The hydrobromide crystallises from water in flat needles, which 
melt at 265 — 268° (corr.) after drying. It is readily soluble in 
hot, somewhat sparingly so in cold, water. The air-dried salt con- 
tains 3H 2 0 (Found: H 2 O=9‘0. Calc.: H 2 0 = 9’2 per cent.). 
Found, in salt dried at 100°, C = 54*4; H — 8*2; Br — 29'8. 
CyH^ON^HBr (532*3) requires 0=541; H=7*6; Br=30*0 
per cent. 

The specific rotatory power was determined in aqueous solution : 
« d + 102°; c =4*630; 1 = 2 dcm.; [a] D + ll*0° or +12*1° for the 
anhydrous salt. 

Acetylkolarrkcjiinc, prepared by the action of acetic anhydride 
and anhydrous sodium acetate on holarrhenine, crystallises from 
acetone in large, colourless, oblong plates which melt at 180° (corr.). 
VOL. OXV* I 
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It is insoluble in water, sparingly soluble in cold alcohol, acetone 
or ether, but readily so in chloroform. 

Found: C = 75‘7; H=9‘9; N=6*8. 

Equivalent to HC1, using methyl-orange =202. 

(412*5) requires C = 75’7; 11=9*8; N = 6‘8 per cent 

The Wellcome Chemical Works. 

Dartford, Kent, \ Received, February 4th , 1919 ,] 


XIX. — Meta-substituted Aromatic Selenium 
Compounds. 

By Frank Lee Pyman. 

At the suggestion of Dr. Charles Walker, of Glasgow, attempts 
were made, in 1913, to form the selenium analogue of arsanilic acid, 
namely, ^-aminophenylselenie acid, NH 2 *C 6 H 4 *Se0 3 H, in order to 
determine its physiological action. Whilst aniline sulphate and 
arsenate readily yield sulphanilic acid and arsanilic acid, 
respectively, at an elevated temperature, no similar compound 
could be obtained from aniline selenate. It was found, however, 
that phenylselenious acid gave on nitration a nitrophenylselemom 
acid, which is shown to be the meta-compound in the manner 
described below. On reducing this compound with sodium 
hydrogen sulphite, di-Ta-nitrophenyl diselenide resulted, and gave 
di-m-aminophenyl diselenide on further reduction with sodium 
sulphide. Di-m- ami nophenyl diselenide gave on acetylation di-jn- 
acetylaminophenyl diselenide, from which m-acetylaminophenyl 
seleniom acid was obtained by oxidation with nitric acid. From 
this, the salts of m -acetylaminophenyhelenic acid were obtained on 
oxidation with potassium permanganate, whilst on attempting to 
liberate the free acid, hydrolysis took place with the formation of 
m-aminophenyhelenic add: 

N(VC c H 4 -Se0 2 H -> > (N0 2 -C 6 H 4 -Se) 2 (NH £ ,*C 6 H 4 *Se) 2 -► 

(NH Ac • C 6 ii 4 * Se) 2 — ► NHAc-C 6 H 4 *SeO,H — 

NHAc*C 6 H 4 -Se0 3 K — ^ NH 2 *C 6 H 4 *Se0 3 fl. 

When these results were first communicated to the Society (P., 
1914, 30, 302), the orientation of the nitro-group in nitrophenyl- 
selenious acid had not been determined, and in the discussion on 
the paper, Dr. Tuck suggested that the constitution of this acid 
might be settled by preparing the three isomerides by the action 
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0 f the nitrobenzenediazonium chlorides on potassium seleuocyanate 
jud suitable after-treatment. This method had already been 
applied by Bauer (Ber., 1913, 46 , 92) to the preparation of o-nit-ro- 
pheuyl selenocyanate, and by Morgan and Elliot (P., 1914, 30, 
248) to the preparation of //-chlorophenyl selenocyanate and their 
derivatives. 

At the author's request, Mr. H. King has now kindly prepared 
rc-nitrophenyl selenocyanate, from which he has obtained, on re- 
duction. with tin and hydrochloric acid, di-m-aminophenyl 
diseleuide, identical with the product resulting from the reduction 
of nitrophenylselenious acid, thereby proving the constitution of 
the compounds described above. 


Experi mental. 

PhenyUdemous A cid, PhSeO^H. 

The preparation of this acid and its nitrate have been described 
by Stoecker and Krafft (Bcr. } 1906, 39 , 2197). Diphenyl diselenide 
(1 part by weight) was dissolved in concentrated nitric acid (40 
parts by weight) and heated. On cooling, the well-crystallised 
nitrate of phenylselenious acid separated. In order to liberate 
the free acid, the nitrate was dissolved in ammonia and mixed 
with silver nitrate, when silver phenylselenite was precipitated, and 
gave the free acid when decomposed with the equivalent quantity 
of hydrochloric acid. 

Doughty (Arner. Chem. J ., 1909, 41 , 326) subsequently obtained 
this acid by the action of hydrochloric acid on phenylselenic acid 
resulting from the interaction of selenic acid and benzene. He 
was unable to confirm the previous author’s statement that the 
acid crystallised with 2H 2 0, finding it to be anhydrous. 

For the purpose of the present investigation, considerable quanti- 
les of this acid were required, and a modification of Stoecker and 
irafft's process was adopted. Instead of employing pure diphenyl 
liselenide, the mixture of this substance with selenophenol, 
Stained by the action of selenium on magnesium phenyl bromide 
Jaboury, Bull, Soc. chim.j 1903, [iii], 29 , 761), was used. On 
seating this with 4 c.c. — instead of 30 c.c.— of nitric acid for each 
jram, phenylselenious acid nitrate was readily prepared in 
quantity. When mixed with sufficient ammonia to neutralise the 
“itric acid, it gave free phenylselenious acid, which was found to 
^ practically anhydrous, in agreement with Doughty's observation. 

To a solution of magnesium phenyl bromide in dry ether, pre- 
pared from 24 grams of magnesium and 157 grams of bromo- 

I 2 
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benzene, 79 grams of selenium were added gradually, and the Bfij. 
ture was boiled for half an hour. The product was decomposed 
with ice and dilute hydrochloric acid, well shaken, and the ethereal 
layer removed, the aqueous layer being extracted with ether twice 
again, The ethereal extracts were combined, dried with calcium 
chloride, and the solvent was removed on the water-bath, The 
resulting oil (about 130 grams) was then allowed to flow drop by 
drop into concentrated nitric acid (D 1*4), of which 4 c.c. were 
employed for each gram of the oil. The nitric acid solution was 
then digested for an hour on the water-bath and kept, when crude 
phenylselenious acid nitrate separated in hard crystals. This was 
collected on asbestos, dissolved in water, and the solution filtered 
from insoluble matter. The solution was then extracted with ether 
to remove further impurities, and evaporated to a syrup. On 
cooling, this set to a chalky mass of the nearly pure nitrate, which, 
after thorough drying in the air, amounted to about 110 grams. 
The yield is thus 44 per cent, of the theoretical. 

For the preparation of the free acid, 10 grams of the nitrate 
were dissolved in 20 c.c. of water, and 6 c.c. of 10 per cent, 
aqueous ammonium hydroxide added. On stirring, phenylselenious 
acid separated in sandy, yellow grains, which were purified by 
crystallisation from water. 6 5 Grams of the pure acid were 
isolated without carrying out the separation to an end, whilst 
7*6 grams are required theoretically. Phenylselenious acid, pre- 
pared in this way, melted at 124 — 125° (corr.) after drying at 100°. 
The air-dried acid was practically anhydrous. (Found, loss at 
100°= 0*4; C = 37*6; H = 3*3. C 6 H 5 *Se0 2 H requires C— 380; 
H = 3’2 per cent.) 

Sodium phenyhelemte crystallises from water in colourless plates 
containing 2H s O. It is readily soluble in water. 

Found, loss at 100°, 14*6. 

CgHs’SeOgNa^HaO (247 2) requires H 2 0 = 14*6 per cent. 

Found, in anhydrous salt, Se = 37*9, 37*5.* 

C e H 5 *Se0 2 Na requires Se = 37*5 per cent. 


Salts of Phenylselenic Acid. 

Stoecker and Krafft (loc. dt.) prepared phenylselenic acid by 
the oxidation of diphenyl diselenide with moist chlorine, Doughty 
by the method given above ( loc . cit.). The potassium salt can be 
obtained conveniently by oxidising phenylselenious acid with 

* For the estimation of selenium in the compounds described in this p a P er 
Frerichs’s method {Arch. Pharm., 1902, 246, 656) was employed. 
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permanganate, removing manganese dioxide, and 
to low bulk, when it crystallises from the solution. 
i phenylselenate forms colourless, prismatic needles 
which, after being dried in the air, sinter from about 50° and melt 
from 65° to 90° in the water of crystallisation. It is readily soluble 
in cold, and very readily so in hot, water. 

Found, loss in a vacuum over H 2 S0 4 and then at 100°, 12*7. 

C 6 H 5 *Se0 s K,2H 2 0 (279*4) requires H 2 0 = 12'9 per cent. 

Found, in anhydrous salt, Se = 32*2. 

C 6 H 5 *Se0 3 K requires Se = 32*6 per cent. 

Sodium phenyhelenate was prepared from the barium salt, which 
has been described by Doughty (he. cit .), by double decomposition 
with sodium sulphate. It crystallises from water in long, clear, 
oblong plates which contain 3H 2 0, and is readily soluble in cold, 
very readily so in hot water. 

Found, in air-dried salt: loss at 120° = 24*2; Se=26*5. 
p jl 5 •Se0 3 Na,4H 2 0 (299*2) requires H.>0 = 241 ; Se = 26‘5 per cent. 


potassium 


m -Nitrophenylselenious Acid , N0 2 , C fj H 4 *Se0 2 H. 

Phenylselenious acid did not yield a nitro-derivative when treated 
with a mixture of sulphuric and nitric acids at 100°. When 
subjected to the action of a large excess of fuming nitric acid at 
150° for one hour, it gave a 20 per cent, yield of wi-nitrophenyl- 
sslenious acid. The best method for the preparation of this acid, 
however, was found in the action of nascent nitric acid generated 
from potassium nitrate. 

Thirty grams of phenylselenious acid nitrate were dissolved in 
30 c.c. of sulphuric acid, and the solution was cooled with running 
water. Twelve grams of finely powdered potassium nitrate were 
then stirred into the solution, which wa3 similarly cooled. The 
mixture was heated for two hours in the steam-bath, and poured 
into 600 c.c. of water. After keeping for several hours, the 
separated crystals were collected. They amounted to 17*4 to 18 7 
grams of an almost pure product melting at 155° or slightly lower. 

m -Nitrophenylselenious acid crystallises from water in yellow, 
prismatic needles, which melt at 156 — 157° (corr.) after drying at 
100°, Ifc is fairly readily soluble in boiling water, sparingly so in 
cold. 

Found, loss at 100°=0*4; in dried substance, C=30*8; H = 2'2. 

C e H 5 0 4 NSe (234*2) requires C=3Q*8; H = 2’2 per cent. 
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m-Nitrophenylselenic A rid, K 0 2 * QH 4 * Se0 3 H . 

Thirty-five grains of wi-nitrophenylselenious acid were dissolved 
in 600 c.c. of boiling water to which 20 c.c. of 10 per cent, aqueous 
potassium hydroxide had been added, and mixed with a solution 
of 16 grams of potassium permanganate in 200 c.c. of hot water 
Further small quantities of permanganate were then added until 
the red colour no longer quickly vanished. The manganese dioxide 
was removed by filtration, and the solution evaporated to low bulk 
and cooled, when potassium m-nitrophenylselenate crystallised out 
After purification by ^crystallisation from water, 34 grams were 
obtained. 

Potassium m -vitrophenyhelenate forms hard, yellow rosettes of 
fiat needles. It is anhydrous, and is readily soluble in hot. but 
somewhat sparingly so in cold, water. It explodes violently at 
about 330° (corr.). 

Found: Se=27*l. 

CgH^NKSe (288*3) requires Se~27*5 per cent. 

Barium m-nitrophenylselenate was prepared from the potassium 
salt by double decomposition with the calculated quantity of 
barium chloride. It forms colourless leaflets which are fairly 
readily soluble in hot, but sparingly so in cold, water. It contains 
2H 2 0, which are lost at 120°, but not at 110°. 

Found, in air-dried salt, loss at 120° = 5*6. Ba = 20*2. 
C ] oH 8 0 ]tt HoBaSe2»2H 2 0 (671*9) requires FLO = 5*4; Ba-20'5 
per cent. 

m -Nitrophenyhelemc acid was prepared from the barium salt 
by the addition of the calculated quantity of sulphuric acid, 
removal of barium sulphate, and evaporation to a syrup, when it 
crystallised, on keeping, in colourless plates containing 2H 3 0. The 
air-dried acid melts below 100°, but after drying first in a vacuum 
over sulphuric acid, then at 100°, it is rendered anhydrous and 
then melts at 146° (corr.). 

Found, loss at 100° = 12’ 8, 

C fl H 6 0 s NSe,2H 2 0 (286*3) requires HoO = I2*7 per cent. 
0*2379. dried at #0°, required 18*95 c.c. of tf/20-NaOH for 
neutralisation, whence equivalent =251. 

C c H 5 0 5 NSe requires M.W. =250*3. 

Di-m-nitrophenyl Diselenide, (N0 5 *C c H 4 .*Se) 2 . 

Twenty-four grams of m-nitrophenylselenious acid were dissolved 
in 250 c.c. of boiling water, and a saturated solution of sodium 
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hydrogen sulphite was added so long as a turbidity was produced. 
After cooling and stirring, the oil which had separated became 
crystalline, and was collected and washed with water. The 
theoretical yield — 20*5 grams — was obtained, and the product 
melted at 79°. After crystallisation from ether, this compound 
formed yellow spears which melted at 83° (corr.). 

Found: C — 35*6; H = 2'2. 

C l2 H 8 0 4 N 2 Se2 (402*5) requires C=35*8; H=2*0 per cent. 

It is insoluble in water, moderately readily soluble in cold alcohol 
or ether, fairly readily so in hot alcohol, and easily so in hot ether. 


D i-m-aminophenyl Diselenide , (NH 2 'C G H 4 *Se) 2 . 

Fifty grams of di-m-nitro phenyl diselenide were added to a solu- 
tion of 300 grams of commercial hydrated sodium sulphide in 
500 c.c. of 10 per cent, aqueous sodium hydroxide previously 
heated to about 60°, and the mixture was boiled for one hour 
under a refluk condenser. One litre of boiling water was then 
added, and an excess of concentrated hydrochloric acid. After 
digestion for two hours on the steam-bath, the separated sulphur 
was removed by filtration. The filtrate was cooled, basified with 
sodium carbonate, and extracted with ether. The ethereal solu- 
tion was dried with anhydrous potassium carbonate and distilled. 
The residue was mixed with an excess of 10 per cent, hydrochloric 
acid, when 39*7 grams of di-m-aminoplienyl diselenide dihydro- 
chloride separated in sandy crystals. 

Dim-aminophenyl diselenide dihydrochloride crystallises from 
dilute hydrochloric acid in yellow grains formed of small needles. 
It melts and decomposes at 291 — 292° (corr.). It is readily soluble 
in hot, but sparingly so in cold, dilute hydrochloric acid. 

Found, loss at 100° = 1*1; in dried salt, C=35*3; H=3*5; 

Se=37-5; Cl = 16*8. 

Cj,Hi 9 N 2 Se 2 ,2HCl (415*4) requires C = 34*7; H=3*4; Se = 38’lj 
CU17T per cent. 


Vi-va-acet ylaminopkenyl Diselenide, (CH 3 •CO , NH , C 6 H 4 , Se) 2 . 

25*2 Grams of di-fft ominophenyl diselenide dihydrochloride were 
converted into the base, and this was treated with 25 c.c. of acetic 
anhydride. The clear liquid quickly began to crystallise, and soon 
set to a yellow, chalky mass, which was washed well with ether and 
dried in the air. 19*6 Grams of di-m-acetylaminophenyl diselenide 
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melting at 180° were thus obtained, the yield amounting to 76 p €r 
cent, of the theoretical. 

For the preparation of this substance, the previous isolation of 
di-m-aminophenyl diselenide as the dihydrochloride is unnecessary; 
thus 91 gTams of di-m-nitrophenyl diselenide were reduced by the 
method given previously, and the ethereal residue of crude 
aminophenyl diselenide was mixed with 50 c.c. of acetic anhydride 
and treated as above. The resulting di-m-acetylaminophenyl 
diselenide melted at 179° and amounted to 76 grams, that is, 79 per 
cent, of the theoretical. 

Di-m-acetylaminophenyl diselenide crystallises from glacial acetic 
acid in rosettes of short, yellow needles which melt at 185 — 186° 
(corr.). It is anhydrous, and is insoluble in hot or cold water, 
almost insoluble in hot or cold ether, readily soluble in hot alcohol 
or glacial acetic acid, but sparingly so in these solvents when cold. 

Found: C=45‘0; H = 4*0. 

C lc H lc 0 2 N 2 Se 2 (426'6) requires C=45*0; H = 3 8 per cent. 


Formation oj Di-va -aminophenyl Diselenide by the Redaction of 
m-Nitrophenyl Selenocyanate. 

m-Nitroaniline (6-9 grams) was diazotised in dilute hydrochloric 
acid solution at 0°, and, after filtering from 1 gram of diazoammo- 
compound, the acidity of the solution to Congo paper was removed 
by the addition of 10 grams of sodium acetate crystals. Potassium 
selenocyanate (7‘2 grams) dissolved in a little water was added 
slowly with stirring. There was a brisk evolution of nitrogen 
accompanied by the separation of a red oil. On washing with 
water, the latter gradually solidified, and was dissolved in ether 
to free it from selenium powder (0*6 gram). The ethereal solution 
was concentrated, again filtered from a small quantity of a viscous 
red oil, and finally evaporated to a syrup, which crystallised on 
stirring. The product consisted of transparent crystals embedded 
in a small quantity of a deep red gum. The yield of crude 
wi-nitrophenyl selenocyanate was 7' 2 grams, or 73 per cent, of 
theory. 't 

The crude product (3*4 grams) was dissolved in hot alcohol 
(50 c.c.) and reduced by boiling for one hour with tin (3*5 grams) 
and hydrochloric acid (45 c.c. ; 32 per cent.). On concentration 
under diminished pressure, the hot solution deposited an orange- 
yellow, granular, crystalline stannichloride (5*8 grams). 

One gram of the stannichloride was dissolved in water, and the 
tin removed as sulphide. The solution, on concentration, gave two 
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successive separations of crystalline di-m-aminophenyl diselenide 
dihydrochloride, 0*2 gram and O' 25 gram, each melting at 
278—280° (uncorr.). (Found: Cl— 17*0. Calc.: Cl = 171 per 
cent,) Di-m-aminophenyl diselenide dihydrochloride, obtained by 
the reduction of di-m-nitrophenyl diselenide, melted at the same 
temperature as did a mixture of the two. Moreover, both form a 
sparingly soluble, primrose-yellow stannoehloride crystallising in 
microscopic needles, and a stannichloride which tends to separate 
as an oil from cold solutions, but in granular crystals from hot 
solutions. 

Acetylation of the di-m-aminophenyl diselenide, prepared from 
Ttt-nitrophenyl selenocyanate, gave dw/i-acetylaminophenyl di- 
selenide in short needles which melted at 183 — 185° (uncorr.), the 
acetyl derivative of the reduction product of di-m-nitrophenvl 
diselenide melting at the same temperature, whilst a mixture of 
the two showed no depression of the melting point. 

rn- A cetyhmim phenyl selenious Acid, CH 3 *CO , NH , C 6 H 4 , Se0 2 E. 

Ten grams of di-m-acetylaminophenyl diselenide were added with 
stirring in quantities of about 1 gram to 40 c.c. of nitric acid 
(D 1*4) kept at —6° to -3°. At first, the diselenide dissolved, 
giving a clear solution, but the separation of white crystals soon 
commenced, and increased on the further addition of this substance. 
The crystals were collected on asbestos, washed with concentrated 
nitric acid, and drained on porous porcelain. This substance 
melted at 146°, and was t-he nitrate of m-acetylaminophenylselenious 
acid. After grinding it with water, filtering, and washing with 
water, crude m-acetylaminophenylselenious acid, melting at 201°, 
remained imdissolved. The product at this stage still contained 
nitric acid, and a portion, on boiling with water with the view of 
recrystallising it, readily oxidised. The whole was therefore dis- 
solved in an excess of hot dilute ammonia (200 c.c.), treated with 
animal charcoal, filtered, and acidified with glacial acetic acid. On 
keeping, m-acetylaminophenylselenious acid crystallised in fine, 
colourless needle's, which were collected, washed well with water, 
and dried in the air. The yield amounted to 8*5 grams of the pure 
acid. 

in A cetyla minophenyls eleniou s acid crystallises from boiling 
water in short, slender, colourless needles, which begin to turn 
brown at about 200° and melt and decompose at 209° (corr.). It 
is sparingly soluble in hot, very sparingly so in cold, water. 

Found: C = 39*5, 39*5; H = 3*7, 3*8. 

C 8 H 9 0 3 NSe (246*3) requires C = 39“0; H = 3*7 per cent. 

I* 
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Sodium m-acety lam inophcnyhelemte crystallises from water in 
microscopic needles. After drying in the air, this salt contain? 
7H 2 0, of which 4 are lost at 100° and the remainder at 120°. ft 
is fairly readily soluble in cold and easily so in hot water. 

Found: loss at 100°— 18'2; loss at 120°=32 , 2. 
C 8 H 8 0 s NNaSe,7H 2 0 (394 4) requires 4H 2 0 = 18*3; 71120 = 320 
per cent. 


Salts of m-Acetylaminophenylsdcnic Acid , 

CH 3 -C0‘NH*C 6 H 4 -Se0 3 H. 

Fifty-five grams of m-acetylammophenylseleniou9 acid were dis- 
solved in 70 c.c. of 10 per cent, ammonia and a litre of hot water, 
and mixed with a hot aqueous solution of 26 grams of potassium 
permanganate. After digestion for a few minutes on the water- 
bath, the slight excess of permanganate was reduced by means of 
alcohol. The solution was boiled, filtered from manganese hydr- 
oxide, and 28*5 grams of barium nitrate were dissolved in it. On 
evaporating to a small volume and keeping, barium m-acetylamino- 
phenylselenate crystallised out. After recrystallisation from water, 
48 grams of the pure salt were obtained. A considerable further 
quantity was subsequently isolated from the mother liquors. 

Barium m-acetylaminopkenylselenate crystallises from water in 
hard, colourless, flat needles containing 4H 2 0. It is fairly readily 
soluble in cold, very readily so in hot, water. 

Found: loss at 120° = 10'1. 

Ci 6 H ]e 0 8 N 2 BaSe 2 ,4H 2 0 (732 0) requires H 2 0^9*8 per cent. 

Found, in dried salt, Ba = 20-8. 

C 16 II 16 0 8 N 2 BaSe 2 requires Ba = 20’8 per cent. 

Sodium m-acetylami7io'pheriylselenate was prepared from the 
barium salt by double decomposition with sodium sulphate. It 
crystallises from water in colourless, woolly needles, and from 
alcohol in prismatic needles, in both cases without solvent of 
crystallisation. It is very readily soluble in water, sparingly so in 
cold alcohol, but fairly readily so in hot alcohol. 

Found: Se — 27’9. *■ 

C 8 H 8 0 4 NNaSe (284*2) requires Se=27'9 per cent. 


m-Aminopkenylseleriic Acid , NHj'CgH^SeOgH. 

Forty-five grams of barium m-a cetyl aminopbenylselenate were 
dissolved in 500 c.c. of boiling water, and sufficient sulphuric acid 
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was added exactly to remove the barium. The solution was then 
boiled, filtered from barium sulphate, and evaporated to a small 
volume under diminished pressure, when 13 grams of m-amino- 
phenylselenic acid crystallised from the solution. 

m-4 minophenylselenic acid crystallises from water in colourless 
needles which contain 2H 2 0, and, after drying at 100°, melts and 
decomposes at 229° (corr.). It is readily soluble in hot, sparingly 
so in cold, water. 

Found, in air-dried substance, loss at 100° = 11‘4. 

C § H 7 0 3 NSe,l|H 2 0 requires H 2 O = 10*9 per cent. 

Found, in dried substance, C = 32'7; H=3*3. 

C 6 H 7 0 3 NSe (220-3) requires C=32*7; H = 3*2 per cent. 

Sodium m-ammophenylselenate crystallises from water in plates, 
which are readily soluble in cold water. 

Found, in air-dried salt, loss at 120° = 19*9. 

C 6 H 6 0 3 NNaSe,3£H 2 0 requires H 2 O=20'6 per cent. 

Found, in dried salt, Se = 33 0. 

C 6 H 6 0 3 NNaSe (242*2) requires Se = 32'7 per cent. 

The Wellcome Chemical Works, 

Dartiord, Rent. [Received, February 4th, 1919.] 


\L—The n - Butylarylamines. Part 111, Constitu- 

tion of the Nitro-derivatives of n- Butyl-y-toluidine . 

By Joseph Reilly and Wilfred John Hickineottom. 

Is Part II. of this series (T., 1918, 113 , 985), the preparation of 
2- and 3-nitro-n«-butyl-p-toluidiiies was described, and in the pre- 
sent paper an account is given of the products of reduction of these 
nitro-compounds, the study of which has shown that the constitu- 
tions previously assigned to them are correct. 

The 3-nitro-derivative, on reduction, furnishes 3 : i-t olyleneA-'N- 
n-butyldiamine (I), which is a readily oxidisable oil, and the corre- 
sponding 3-nitroacetyl derivative gives 2 : S-dimethyl-l-n-butyl- 
benziminazole (II), which is also obtained by the action of heat on 
: £-tohjlene-4-]$-n-buti/ldiamine (III). 
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* 

The constitution of 3 : 5-dinitro-n-butyl-p-toluidine is proved b, 
the fact that on hydrolysis with sodium hydroxide it yields n-butyf. 
amine and 3 : 5-dinitro-p-cresol. 

By the action of acidB or direct sunlight on 3 : 5-dinitro-ptolyl. 
«-butyl-nitro- or -nit roso- amine, the dinitro-amine is regenerated, 
and the nitroamine is similarly decomposed on boiling it with ethyl 
or n-butyl alcohols. When the nitroamine is hydrolysed by 
sulphuric acid or sodium hydroxide, nitrous acid is formed. 


E XPERI MEN TAL. 

NH,- 

2 'A-TolyUne-A^l-n-hutyldiamine, CH 3 < ^ 

2-Nitro-fl-butyl-p-toluidine (3 grams) was mixed with 10 c.c. of 
concentrated hydrochloric acid and 40 c.c. of water, and zinc dust 
(4 grams) gradually added. Excess of zinc was removed from the 
colourless solution, and the amine was isolated by the addition of 
sodium hydroxide solution, followed by extraction with ether. It 
formed a pale brown powder, which was purified by solution in dry 
ether and precipitation with light petroleum. A white, floccu- 
lent mass was obtained which, on drying, could easily be powdered. 
By spontaneous evaporation of the ethereal solution, it was obtained 
in colourless needles melting at 53° : 

0*0956 gave 12*9 c.c*. N 2 at 19*2° and 750 mm. N= 15*56. * 
C n H lg N 2 requires N= 15*72 per cent. 

2:±-Tolylene-4:’'N-ii-butyldiamin-e is soluble in most of the 
common organic solvents, sparingly so in water, and very sparingly 
so in light petroleum. With ferric chloride solution, it gives a 
very faint brown coloration, which, however, is not very character- 
istic. It gives no characteristic colour with nitrous acid or 
potassium ferrocyanide. The hydrochloride is very readily soluble 
in water. 

4 -Acetyl Derivative . — Tin foil was added to, 2-nitroaceto-n-butyl- 
y?-toluidide (1 mol | suspended in concentrated hydrochloric acid 
(6 mols.) until reduction was complete. The solution was filtered, 
diluted with water, and the tin removed by means of hydrogen 
sulphide. The filtrate was rendered alkaline and the amine 
isolated, as a brown oil, by extraction with ether. It solidified to 
a mass of brown crystals, which on crystallisation from a mixture 

# In the nitrogen estimations recorded in this paper, the gas was collected 
over 40 per cent, potassium hydroxide solution. A correction has been 
introduced for the vapour tension of the potassium hydroxide solution. 
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of ether and light petroleum was obtained in white crystals melt- 
ing at 98 — 99° : 

0-Q72S gave 81 c.c. N 2 at 20° and 749 mm. N = 12*87. 

C^HgoONa requires N = 12*72 per cent. 

The compound dissolves in ether and many of the other organio 
solvents, but is insoluble in light petroleum. The diazo-compound 
ff i ves with 0-naphthol a brownish-red azo-dye , which dissolves in 
sulphuric acid with the development of a deep purple-red colora- 
tion changing to pale brown on dilution. The picrate of the base 
crystallises from alcohol in groups of yellow needles melting at 
185°. 


3 : A-TolyleneA-N-n-butyldiamine. 

The reduction of 3-nitro-tt-butyl-p-toluidine in the way described 
or the 2-nitro- compound, yields the corresponding diamine as an 
>il which is white when first precipitated, but rapidly acquires a 
leep blue colour and ultimately becomes almost black : 

01211 gave 16*2 c.c. N 2 at 22° and 764 mm. N=15*57. 

C n H 18 N 2 requires N = 15*72 per cent. 

The compound is readily miscible with most of the ordinary 
jrganic solvents. The hydrochloride was obtained by passing a 
itream of dry hydrogen chloride into a solution of the base in dry 
sylene. The bulk of the xylene was decanted, and the rest 
amoved by washing with light petroleum. After being dried at 
100°, the salt formed a white powder. It is extremely deliquescent 
ind very readily soluble in water : 

0 0552 gave 0*0625 AgOl. Cl=28*0. 

C U H 18 N 2 ,2HC1 requires 01=28*2 per cent. 

The aqueous solution is very readily oxidised. One drop of 
ferric chloride solution produces an intense blood-red or deep brown 
colour. A dilute solution of chromic acid or a very dilute neutral 
solution of potassium dichromAte produces a brownish-black or 
black solution, depending on the concentration of the oxidising 
agent. An aqueous solution of bleaching powder yields a deep 
blue solution. Nitrous acid in dilute solution gives a dirty purple 
coloration, whilst concentrated nitric acid also gives a purple 
coloration. 

The 3:4 -diacetyl derivative was prepared by wanning the base 
with acetic anhydride. A dark-coloured oil was obtained, which 
slowly solidified to a mass of dark brown crystals. By repeated 
crystallisation from a mixture of light petroleum and acetone, or 
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from hot dilute aqueous alcohol, it was obtained in white cmbi 
melting at 130°: J s 

0*0754 gave 7*1 c.c. N 2 at 25° and 748 mm. N= 10*62. 

requires N = 10‘69 per cent. 

The compound is moderately soluble in hot, but sparingly so * 

cold water. ln 


4-A cetyl-3 : 4-tolylene-4-N-n-butyldiamine (III). 

3-Nitroaceto-rc-butyl-p-toluidide (4 grams) was dissolved in 
50 c.c. of aqueous alcohol (70 per cent.) containing iron filings 
(10 grams), and to the mixture, warmed to 30°, glacial acetic acid 
was slowly added, the temperature being kept at 30°. After an 
hour, the mixture was heated on the water-bath, the unchanged 
iron removed by filtration, washed with warm dilute acetic acid 
and the filtrate rendered alkaline and heated at 80° for several 
hours. The base was extracted with ether and purified by re- 
crystallisation from a mixture of equal parts of dry ether and 
light petroleum, when it was obtained in short, colourless needles 
melting at 102°: 

0*0702 gave 8*0 c.c. N 2 at 21° and 738 mm. N = 12*85. 

C j 3 H 20 ON 2 requires N= 12*72 per cent. 

The compound is readily soluble in alcohol, ether, benzene, or 
carbon tetrachloride, but very sparingly so in light petroleum. 
The diazo-compound gives a red azo-dye with /?-naphthol. On 
heating the base in a flask fitted with a short air condenser at 
200° in an oil-bath, globules of water were observed in the con- 
denser. After heating for four to five hours, the dark, viscous 
residue was distilled over a free flame, when a pale yellow oil was 
obtained which did not solidify at 0°, and was not a primary amine, 
From its method of formation, it is probably 2 :5-dimethylrl-n- 
butylbenziminazole (II). The same compound was produced by 
the vigorous reduction of 3-nitro&ceto-rc-butyl-y>-toluidide in acid 
solution. 

The nitro-corapouu- > (5 grams) was dissolved in a mixture of 
glacial acetic acid (25 grains), concentrated hydrochloric acid 
(10 grams), and water (15 c.c.). Zinc dust (20 grams) was added, 
and the solution became very warm. After the reaction bad 
moderated and more zinc dust had been added, the solution was 
heated on the sand-bath for one or two hours. After removal of 
the excess of zinc, the solution was rendered alkaline with potassium 
hydroxide solution, and the precipitated oil extracted with ether. 
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On distillation, it was obtained as a very viscous, pale yellow oil 
boiling at 335-338°: 

0-0746 gave 0*2115 CO a and 0 0606 H 2 0, C= 77-34; H = 909. 

0 0794 „ 9*9 c.c. N s at 23’1° and 736 mm. N = 13’92. 

Ci3 H l8 N 2 requires C=77-18; H=8-97; N = 13-85 per cent. 

2 ■ 5-Dimethyl- 1-ra-buty lb enzinunazole is miscible with ether or 
alcohol. When exposed in an open dish to a moist atmosphere, it 
readily absorbs water and oxygen, gradually becoming darker. By 
the action of an aqueous-alcoholic solution of picric acid on the 
alcoholic solution of the anhydro-base, the picrate was precipitated ; 
this crystallised from acetone in short, yellow needles or prisms 
melting at 209° : 

0*0756 gave 10*7 c.c. N 2 at 21° and 749 mm. N=16’20. 

C i8 H 18 N 2 ,C 6 H 3 0 7 N 3 requires N =16*24 per cent. 

It is practically insoluble in water, ether, or alcohol. 


Action of Alkalis on 3 : o-Dinitrom-butyl-p-toluidint , 

The dinitro-compound (1 gram) was heated under reflux with a 
solution of 5 grams of potassium hydroxide in 40 c.c. of water for 
six to eight hours. The colour of the solution changed rapidly 
through .brownish-red to very dark red or almost black. On dis- 
tillation into dilute hydrochloric acid, n-butylamine hydrochloride 
was obtained. The alkaline residue in the flask, after being cooled 
and filtered, wa 3 acidified with dilute sulphuric acid, and from the 
ethereal extract a solid crystallising in yellow needles (m. p. 82°) 
was obtained, which proved to be 3 :5-dinitro-p-cresol. 


Action of Acids on 3 : ^-Dinitro-'p-tolyl-mbutyl-nitrocimine and 
- nitro8oamine . 

3 : 5d)initro-]>tolyl-rc-butylnitroamine (O’ 5 gram) was dissolved 
in 2 c.c. of concentrated sulphuric acid (97 per cent.), the solution 
being kept cool by immersion in ice-cold water. The nitroamine 
dissolved slowly with the production of a deep reddish-purple 
colour, which changed finally to yellow. After half an hour, the 
mixture was poured on ice, when a yellow solid was obtained, 
which proved to be the corresponding nitrosoamine. Nitrous acid 
was also found to be present. In another experiment, 50 c.c. of 
slightly wanned sulphuric acid (90 per cent.) were added to the 
nitroamine (0’5 gram). There was a faint odour of nitrous acid, 
and the colour changes were the same as those described above. 
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After remaining for twenty days, exposed for part of the time to 
sunlight, the colour had changed to deep red. On pouring ij ^ 
water and extracting with ether, 3 : S-dinitro-Ti-butyl-jp-toluidiijf 
was obtained as the chief product, Further, the nitroamine ( 0-5 
gram) was heated under reflux with a mixture of concentrated 
hydrochloric acid (20 c.c.) and ?i-butyl alcohol (50 c.c.) for eight 
hours. The colour of the mixture gradually became darker until 
it was finally a deep red. After removal of the alcohol, a red suV 
stance melting indefinitely at 65 — 80° was obtained. The melting 
point was raised to 86 — 88° by treatment with amyl nitrite in the 
presence of hydrochloric acid, the colour also becoming considerably 
paler. 

On warming the nitroamine with an aqueous solution of per- 
chloric acid and allowing the mixture to remain for twelve hours, 
a slight darkening occurred. The action of glacial phosphoric acid 
in the cold produced practically no colour change after a week. 

3 :5-Dinitro-p-tolyl-7i-butylnitrosoamine, by the action of hydro- 
chloric acid containing some aniline hydrochloride, yields the corre- 
sponding amine in almost quantitative yield and in a pure condi- 
tion (compare Pinnow, Ber. t 1897, 30 , 838). The nitrosoamine 
(2'4 grams) was heated under reflux for eight hours with alcoholic 
hydrogen chloride (50 c.c.) containing aniline hydrochloride 
(1 gram). On evaporating the alcohol, 2*1 grams of 3 : 5-dinitro- 
tt-butyl-y>toluidine, identified by the mixed melting-point method, 
were obtained. When the aniline hydrochloride was omitted, the 
reaction followed a similar course, but required a longer time for 
completion. 


Action of Alkalis on 3 : ^-Dimtro-^-tolyl-n-butyl-nitroamine and 
-nitrosoamine. 

Alcoholic potassium hydroxide reacts with alcoholic solutions of 
the nitroamine and nitrosoamine with the production of a dark 
purple colour, which gradually deepens in intensity. In aqueous 
solution, the reaction takes place much more slowly. 3 : 5-Dinitro- 
^7-tolyl-n-butylnitroa ^ine (1 mol.) was heated under reflux with a 
large excess of a 10 per cent, aqueous solution of sodium hydroxide 
(15 mols,). The nitroamine was slowly attacked, yielding a purple 
solution which gradually became almost black, when the reaction 
was considered to be complete. On distillation, n-butylamiue was 
obtained. The alkaline residue in the flask, which contained 
sodium nitrite, was diluted, and, after filtering, rendered acid in 
the presence of carbamide to remove nitrous acid. On extraction 
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fith ether, a pale brown oil was obtained, which solidified to a 
*ellow, crystalline solid. After several crystallisations from 
iqueous alcohol, this melted at 82°, and was shown to be 3:5*di- 
iitro-p-cresol- 

When either the nitroamine or the nitrosoamine was heated 
vith two or three times its weight of phenol at 180°, and the pro- 
^t treated with very dilute ice-cold sodium hydroxide solution, 
followed by extraction with ether, 3 : 5-dinitro-n-butyl-p-toluidine 
seas obtained in good yield, and the same result was obtained by 
heating the nitroamine or nitrosoamine with a large excess of 
n-butyl alcohol or ethyl alcohol for several hours in diffused light. 

Both the nitroamine and nitrosoamine were finely powdered and 
exposed in glass and quartz vessels to direct sunlight. After one 
hour, tfie nitrosoamine had deepened considerably in colour, and 
the melting point was depressed. The nitroamine, on the other 
hand, changed colour only slowly, but there was sufficient action 
in both cases after one month's exposure to detect the presence of 
3:5'dinitro-7i-hutyl*p-toluidine. In some of the reactions where 
the decomposition was not complete, the melting point alone was 
not a sufficient guide to determine the composition of the product. 
The colour affords an indication of the production of the parent 
amine, and this was confirmed by the evidence obtained by the 
action of amyl nitrite and of nitric acid. In the decomposition of 
the nitrosoamine or of the nitroamine, the production of the parent 
amine was assumed to have occurred when the action of amyl 
nitrite or nitrous acid in the presence of hydrochloric acid or acetic 
acid effected a considerable loss of colour, and when the melting 
point was altered. The action of fuming nitric acid in giving a 
product identical with the original nitroamine showed that the 
butyl group had not been removed and that only the nitroso-group 
linked to the aminic nitrogen atom had been affected. 

[Received, January 16 th. 1919.] 
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XXI.— Studies in Catalysis . Part X. The Applicability 
of the Radiation Hypothesis to Heterogeneous 
Reactions. 

By Wiiliam Cudmore MoCullagh Lewis. 

In the previous papers of this series, the radiation hypothesis has 
been applied exclusively to reactions in homogeneous systems. A 
mode of applying the hypothesis to reactions in heterogeneous 
systems, including heterogeneous catalysis, having suggested itself 
to the author more than two years ago, it may not be out of place 
to indicate it briefly here. 

In attempting to elucidate the mechanism of any chemical or 
physical process, two complementary methods of treatment may be 
employed. In the first, the process is considered from the point 
of view of the material or molecular changes involved; in the 
second, from the point of view of the concomitant or precedent 
energy exchanges. The radiation hypothesis belongs to the second 
method of treatment. The two methods are not distinct in the 
sense that the results obtained in one often furnish a clue to the 
solution of a difficulty met with in the other. It is necessary, 
however, to possess, in the first place, some information regarding 
the most probable material mechanism of the process considered 
before introducing considerations based on the energy exchanges 
involved. In the case of heterogeneous reactions and catalysis, 
Langmuir's theory of the spatial distribution of molecules and 
atoms at the interface between two phases will be adopted as a 
basis for the material changes occurring, the energy changes being 
then dealt with from the point of view of the radiation hypothesis. 

Langmuir's theory (compare J. Amer. Chem. Soc. f 1916, 38. 
2221) is essentially an extension of the work of the Braggs on 
crystal structure. 

The surface of a solid is regarded as a checker-board on which 
atoms or molecules of gases may be condensed by being united to 
certain atoms in tie surface itself. This adsorption effect is 
ascribed directly to valency, in some cases the surface being almost 
entirely covered or saturated, in others only a small fraction of 
the surface being thus occupied. According to Langmuir, this 
surface layer does not consist of several layers of molecules or atoms 
in which the density varies continuously. Instead, the change 
from solid to homogeneous gas is abrupt. This is based on the 
idea that it is only a layer one molecule or atom in thickness 
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which would bo held sufficiently firmly to the surface, especially at 
the moderately high temperatures at which heterogeneous reactions 
proceed in general with measurable velocity. Langmuir’s experi- 
mental results support this view in many cases. When a gas 
molecule strikes a surface, it is in general condensed. The rate 
a t which it evaporates depends on the chemical or specific nature 
of the molecule and of the layer of atoms in the surface of the 
^olid- Thus nitrogen, in which the atoms are already very com- 
pletely saturated, possesses only a feeble external field of force, 
and in the molecular form, therefore, will be only slightly adsorbed. 

Langmuir has found that hydrogen in the atomic form, pro- 
duced by heating a wire in dry hydrogen at very low pressures, has 
a remarkable tendency to be adsorbed, this being regarded as due 
to the unsaturated affinity of the hydrogen atom. Langmuir has 
calculated that in this case the adsorbed layer of gas is just one 
atom in thickness. Oxygen is likewise easily adsorbed by metallic 
(tungsten) filaments. This adsorbed layer is exceedingly stable, 
and is evidently distinct from the formation of the compound 
\V0 3 , which volatilises easily in comparison. On Langmuir’s view, 
tie oxygen is retained on the surface in the atomic form. A mole- 
cule or atom which is strongly adsorbed is capable of displacing 
one which is feebly adsorbed. Hence addition of a strongly 
adsorbed gas — which in certain cases may be the resultant of the 
reaction — may cover the surface of a solid more or less completely, 
the surface being thereby “ poisoned ” with respect to a reaction 
in which the reactants are only feebly adsorbed. Langmuir has 
givcu several instances of such effects. The essential point for our 
present purpose is the dissociation, partial or complete, which many 
substances undergo into the atomic state on being condensed on 
surfaces, the cause of such dissociation being the localised valencies 
or lines of force which hold the atoms of the condensed substance 
to certain atoms of the surface of the solid.* 

So much for the nature of the material changes involved. We 
have now to see how far the radiation hypothesis may assist in 
extending this view of the mechanism of the process 

In general, the velocity cohstants of heterogeneous reactions are 
characterised by possessing smaller temperature coefficients than 
those which are possessed by reactions in homogeneous systems. 
This means, on the basis of the considerations developed in earlier 
papers, that the critical increment in the heterogeneous process is 

* The catalytic effect of traces of moisture in the activation of molecules 
and atoms, and therefore possibly of surfaces, is not considered in the present, 
paper. The facts hitherto recorded point to the conclusion that water is 
effective where ions are required to enable the reaction to proceed. 
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less than it would be for the same process occurring in the homo 
geneous system. This, in fact, appears to be the basis of the 
accelerating or catalytic effect of a given surface as viewed fr om 
the energy required to effect the chemical change. 

It has already been shown that the reactivity of a substance 
depends on the magnitude of its critical increment, that is, the 
amount of energy which must be added per molecule or per gram- 
molecule, in excess of the average energy content, in order to bring 
the molecule into the active state. 

The higher the critical increment, the smaller is the reactivity 
or rate of reaction of the substance. This increment is taken 
account of by the exponential term which appears in the velocity 
expression developed in previous papers. The term referred to is 
e~ E / RT } where E is the critical increment per gram-molecule, Jt the 
gas constant per gram -molecule, and T the absolute temperature. 
It is this quantity that governs the magnitude of the temperature 
coefficient of a reaction, and, as is evident, the greater the value 
' of E the greater is the temperature coefficient. 

Let us suppose that a given reaction occurs in a homogeneous 
system, the sum of the critical increments of the reactants being 
whilst the sum of the critical increments for the same reaction 
when a heterogeneous catalyst is present is E%. Then E^E*. 
The ratio of the velocity constant in the presence of the catalyst 
to that when the catalyst is absent is given essentially by the ratio 
er*f*Tj e -WT or m-bumt. This is, in general, a large posi- 
tive quantity; it may be referred to as the catalytic factor. Let 
us suppose that the process considered involves the dissociation of 
a gaseous molecule. If this occurs in the homogeneous phase, the 
critical increment is large, of the order of 50,000 to 100,000 calories 
per gram-molecule. This energy has to be supplied by absorption 
of the radiation present in the system, and the greater the amount 
of energy required the higher must be the temperature in order 
that a sufficient number of quanta of high frequency may be avail- 
able. If, on the other hand, a catalyst is present which is capable 
of condensing or adsorbing the gas in the atomic form, then the 
energy required is essentially that of Sublimation or de-sorption of 
the atomic resultants from the surface diminished by the energy 
of adsorption or condensation of the molecular reactant. Such 
effects are in general small, of the order 5000 to 10,000 calories per 
gram-molecule. Hence in this case the catalytic factor would be 
e (50,ooo— 5030 )/^ which f or the temperature 7 = 1000 ° would corre- 
spond with e 22 5 , or 10 10 approximately. It is evident that the 
effect which we have been considering is of very great magnitude, 
and to this extent is in agreement with the known high efficiency 
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of heterogeneous catalysts. From the point of view of the energy 
changes involved, therefore, the action of a catalyst is to be ascribed 
to the substitution of relatively small energy terms of the nature 
of de-sorption or sublimation effect® in place of true critical energies 
of activation or dissociation. In general, the problem is not so 
simple as the case just considered. Frequently more than one 
reactant is involved, and in some cases partial activation or polar- 
isation of one or more of the reactants may he effected without 
such reactant coming into direct contact with the surface of the 
solid itself. This will naturally occur when the surface is already 
covered by a reactant which possesses high capacity of adsorption. 
In general, however, the function of the catalyst is to bring at 
least one of the reactants into the active form, which would other- 
wise only be attained in the homogeneous phase by exceedingly 
high temperature conditions. The possibilities which present them- 
selves will be rendered somewhat clearer by a preliminary examina- 
tion of one or two actual cases. 


* The Reaction between Oxygen and Sulphur. 

We shall first of all consider the reaction, S + 0 2 = S0 2 , as occur- 
ring in the homogeneous gaseous state. 

Since the resultant contains two atoms of oxygen, the process 
does not require complete dissociation of the oxygen molecule as 
a preliminary step. Instead, a partial activation or polarisation 
of the oxygen molecule is sufficient. A value for this quantity may 
be obtained from a consideration of the thermal decomposition of 
ozone, which has been measured by Chapman and Jones (T., 1910, 
97, 2463), the reaction being shown to be bimolecular. The details 
of the calculation will be given in a subsequent paper, but it may 
be stated here that the critical increment of ozone per gram-mole- 
cule, obtained from Chapman and Jones’s results, is 10,690 cals. 
Further, the heat evolved at constant volume when two gram- 
molecules of ozone decompose into three gram-molecules of oxygen 
has been determined with accuracy by Kailan and Jahn (Zeitsck - 
anorg. Chem., 1910, 68, 243), the value being 69,000 cals. Apply- 
ing the quantum expression (compare T., 1917, 111 , 1086) to the 
process 20 s — 30^ we obtain 69,000 = 3£'o a - 21 ,380, whence 
F'o 2 =30,127 cals., or 30,000 cals, in round numbers. Tbe symbol 
E l denotes the critical increment per gram-molecule required for 
the partial activation or polarisation of oxygen which will permit 
three molecules thus activated to react to form two molecules of 
ozone. A molecule possesses, in general, different degrees or stages 
of activation, and this may not be the one required in the case of 



186 


LEWIS : STUDIES IN CATALYSIS. PART X. 


the union of oxygen with sulphur. All partial activations are. 
however, small quantities compared with the activation required to 
cause complete dissociation of a molecule. So far as order oi 
magnitude is concerned, the above value may be employed in this 
preliminary investigation. 

We have now to consider the activation of sulphur vapour. I n 
the temperature range 200° to 500°, the vapour of sulphur consists 
mainly of the molecular form S 8 . Preuner and Schupp (Zeitseh. 
physical. Chem., 1909, 68, 148) have measured the equilibrium of 
the reaction 4S 6 = 3S 8 . The mean value of the heat effect is 26,500 
cals. This heat is absorbed in breaking down 3S g molecules to 
4S 6 molecules. The same authors have obtained a fairly accurate 
value for the heat absorbed, namely, 58,000 cals., in the gaseous 
reaction S 6 = 3S 2 . Hence the process £S 8 — > S 2 requires an absorp- 
tion of heat equal to 21,542 cals. We have now to consider the 
heat absorbed in the dissociation of S 2 into the atomic state. Budde 
( Zeitsch . anorg. Chem., 1900, 78, 169) has measured, by an 
explosion method, the equilibrium of the reaction S 2 — 2S, in the 
gaseous state, over the temperature range 2000° to 2500°. The 
results do not lead to an accurate value for the heat effect. Bfidde 
takes the value 120,000 cals, per gram-molecule. Von Warten- 
berg ( Zeitsch . anorg . Chem., 1908, 56, 320) estimates the heat 
effect to be 90,000 cals, approximately. It has been shown (com- 
pare T., 1918, 113, 471) that the critical increment in the case 
of the dissociation of a molecule into atoms is connected with the 
heat absorbed by the relation — Q V =E ~hET . At T= 2000°, the 
value of E obtained from Budde's results is therefore 122,000 cals., 
but this is liable to considerable error. On the radiation hypo- 
thesis, this energy should be given by Nhv , where v is the frequency 
of the light absorbed, N the number of molecules in one gram- 
molecule, and h Planck's constant. Martens (Ann, Physik, 1902. 
[iv], 8, 603) has calculated that sulphur should possess a band in 
the ultra-violet region at X=226p^. The corresponding frequency 
is 13’ 3 x 10 14 , and therefore Nhv, or the critical increment per 
gram-molecule, should be 125,550 cals. This is remarkably close 
to the value calculated from Budde's data. In fact, the agreement 
is partly accidental. It is probable that the value obtained from 
Martens's data is the more correct. It follows that the heat of 
dissociation of diatomic sulphur into the atomic state in a gaseous 
system is 123,000 cals, per gram-molecule. Hence the energy 
absorbed in the process £S a — > 2S is (123,000 + 21,540), or 144,500 
cals, in round numbers. As might be expected, the chief factor m 
the total energy change from S g to atomic sulphur is the single 
process of dissociating the S 2 molecules. The critical increment 
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required to produce two gram-atoms of sulphur in the gaseous state 
f ro m the corresponding quantity of S 8 molecules is 147,000 cals., 
sn d therefore the critical increment per gram-atom is 73,500 cals. 

We have now to consider the formation of sulphur dioxide from 
oX yg e n and sulphur, the latter consisting of S 8 molecules, the 
system being entirely gaseous. The partial critical increment of 
the oxygen is taken to be 30,000 cals, per gram-molecule. Hence 
the total critical increment of the system (S + 0 2 ) under the con- 
ditions stated is (73,500 + 30,000), or 103,500 cals. The heat of 
formation of sulphur dioxide from solid sulphur and gaseous 
oxygen is 69,400 cals, per gram-molecule (Berthelot) (compare 
Ferguson, Proc. Nat. Acad. Sci 1917, 3, 371). The heat of 
vaporisation of sulphur is 12,000 cals, per gram-atom in round 
numbers. Hence the heat of formation of sulphur dioxide from 
its gaseous components is 81,400 cals. Employing the relation: 

Heat evolved = ^resultants “ ^reactajitsj 

we get 81,400 =E so -103,500, whence F S o = 184,900 cals, per 
oram-molecule. * It follows from this value that the frequency of 
the effective radiation is 19 6 x 10 14 , and the wave-length A — 153 ju+. 
Sulphur dioxide is known to have an absorption band in the 
extreme ultra-violet region beyond 200 p/x (compare Garrett, Phil. 
Mag,, 1916, [vi], 31, 505), but the position of the hand has not as 
yet been located. 

The above exceedingly high value for the critical increment of 
sulphur dioxide requires that the molecule should be correspond- 
ingly stable. Thus it should not be possible to decompose it into 
its components by a quartz mercury lamp, since quartz does not 
transmit wave-lengths longer than about 185 /a/a, As an illustra- 
tion of its stability, it may be mentioned that von Wartenberg 
[loc. dt.) was unable to detect any sensible dissociation of sulphur 
dioxide even at 2200° abs. For our present purpose, it is more 
important to observe that the critical increment of the reactants 
(S + 0 2 ) is also very high, namely, 103,500 cals. 

The numerical values given above refer to the reaction non- 
eatalysed. If, however, the reaction is carried out in the presence 
of solid or fused sulphur, heterogeneous catalytic effects enter. 
This has been shown experimentally by Bodenstein and Caro 
[Zcitsch. physikal. Chem., 1910, 75, 30), the sulphur acting as a 
positive catalyst. The result of the positive catalysis is that the 
critical increment of the system (S + 0 2 ) is much less than the value 
given above. , From the temperature coefficient obtained by Boden- 
stein and Caro in the region of 250°, in the presence of solid 
sulphur, it is found that the critical increment of the reactants 
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(S+0 2 ) lies between the limits 31,308 and 34,184 cals., the 
value being 33,000 cals, in round numbers. 

It is possible to account approximately for the order of maguj. 
tude of the critical increment obtained, when heterogeneous 
catalysis occurs, by supposing that the oxygen is already activated 
at the temperature chosen before coming into contact with the 
sulphur surface, the increment of partial activation of oxygen 
being of the order 30,000 cals., as we have seen already. The 
sulphur itself is already in the atomic state in the surface layer of 
the solid, and consequently does not require further activation 
The heat of volatilisation of the sulphur dioxide per gram-molecule 
is a quantity of the order 5000 cals., so that in all the apparent 
increment is of the order 35,000 cals., which agrees moderately 
well with that observed. 

In the above case, the catalytic factor at 250° is 
or e m > m l RT f or 10 28 approximately. These numbers are simply 
employed for purposes of illustration; sufficient data have not yet 
been accumulated to permit of more exact calculation. 

If such changes in the critical increment are brought about as 
a result of catalytic effects, it is necessary to conclude that in 
general the -heat effect of a process will be modified by the catalyst, 
and if this is the case the variation of the equilibrium constant of 
the reaction in the surface layer with temperature will be affected, 
so that finally the equilibrium constant of the catalysed reaction 
will differ from that of the non-catalysed reaction. This con- 
clusion is in general agreement with that arrived at by Bancroft 
(/. Physical Ghent., 1917, 21 , 573) on false equilibria and the 
effect of heterogeneous catalysis on the position of the equilibrium. 


The V nion of Oxygen and Hydrogen. 

Bodenstein ( Zeitsch . physikal. Ghent 1899, 29 , 665) has found 
that the temperature of the termolecular velocity constant, corre- 
sponding with the reaction 2H 2 + 0 2 =2H 2 0, is 1*75 for 10° over 
the temperature range 482° to 509°. The reaction proceeds under 
the conditions employed almost entirely at the surface of the 
porcelain containirg- vessel. From the above value of the tempera- 
ture coefficient, it would follow that the critical increment for two 
gram-molecules of hydrogen and one gram-molecule of oxygen is 
66,000 cals., and therefore for one gram-molecule of hydrogen and 
one half-gram-molecule of oxygen the increment of the reactants 
is 33,000 cals. Bodenstein's results have, however, been criticised 
by Bone and Wheeler (Phil. Trans., 1906, [A], 206 , 1), who find 
that the reaction is not termolecular, but approximately unimole- 
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alar, especially unimolecular with respect to the hydrogen, The 
action which appears to occur is therefore H 2 + 0 = H 2 0. Bone 
n d Wheeler have given data for the reaction from which the 
emperature coefficient and critical increment of the reactants may 
,e calculated when nickel is the catalyst. For the temperature 
autre 473° t® 493° abs., the critical increment of the reactants is 
alculated to be 35,000 cals., which agrees fairly well with the 
■alue obtained from Bodenstein’s results for the porcelain surface. 
)ver the temperature range 493° to 513° abs., the results obtained 
,y Bone and Wheeler give an increment of 52,000 cals, in round 
lumbers. This is considerably greater than that obtained at the 
ower range of temperature, and indicates that the catalytic effect 
s relatively less efficient at the higher temperature, due, pre- 
umably, to diminished adsorption of the reactants. In both cases, 
lowever, the increment is a relatively small quantity, very much 
mailer than would be expected from the process occurring in the 
loraogeneous phase, for the molecule of oxygen, which has to be 
iissociated, is very stable. 

We have now to attempt to account for a quantity of the above 
>rder of magnitude on the basis of the energy-mechanism out- 
med. Let us assume, in the first place, that the oxygen is 
idsorbed and exists in the atomic state attached to certain posi- 
tions on the surface of the catalyst. It is necessary that an 
ictivated or polarised molecule of hydrogen shall come into con- 
tact with an oxygen atom. It is only necessary for the hydrogen 
:o be partly activated. Bohr [Phil. Mag., 1913, [vi], 26 , 1, 476, 
557) has investigated the energy changes which occur in the mole- 
mle and the atom of hydrogen in various processes involving the 
:enioval and addition of an electron. Bohr has calculated that 
ihe process of transferring an electron so as to give rise to a system 
consisting of a positively charged hydrogen atom and a negatively 
charged one requires an absorption of energy of 21,000 cals, per 
;ram-molecule of hydrogen. We shall employ this value in the 
present case, although there is evidence that a somewhat higher 
raise is probably more correct. The latent heat of vaporisation 
if water is in round numbers 9000 cals, per gram-molecule in the 
neighbourhood of 100°. As before, we shall assume that the heat 
if de-sorption of the water produced in the reaction is of the same 
irder of magnitude. Hence we would expect the critical incre- 
ment of the process to be of the order 30,000 cals, per gram- 
molecule of hydrogen and per gram-atom of oxygen. This agrees 
moderately with the observed value. 

Sufficiently accurate data are not as yet available for calculating 
the critical increment of the reactants of the same reaction in the 
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homogeneous gaseous state. It is necessary to dissociate the u) 0 } e . 
cule of oxygen, and this appears to require a quantum of energy 
corresponding with approximately the region A. = 200 pp., whence 
the critical increment per gram-molecule is of the order 140,000 to 

150.000 cals. That is, the total increment of the leasts, 
reckoned per gram-molecule of hydrogen, is 21,000 + 140,000/2, or 

91.000 cals. The catalytic efficiency is therefore given by the ratio 

e -3S,miRTj e -nm!JiT or At 500° this factor is of the 

order 10 17 . These figures are merely illustrative, but they serve 
to indicate the great influence on the velocity which is to he 
expected on the basis of the treatment suggested. 

In dealing with the union of oxygen aud hydrogen, it has been 
assumed above that the oxygen is condensed in the atomic form 
on the catalyst, the subsequent chemical change being 
H* + 0=Hg0. From a number of observations made by Bone ami 
Wheeler (Joe. cit.), it appears that hydrogen is preferentially 
adsorbed. In such cases, the most probable reaction, because it 
involves the minimal critical increment, would he represented bv 
H„ + 0 2 -- H 0 O. 7 , in which the hydrogen and oxygen are partly 
activated, but neither of them is completely dissociated. The 
formation of water would result from the subsequent, decomposi- 
tion of the hydrogen peroxide. The idea that hydrogen peroxide 
is an intermediate stage is, of course, not- new. It appears from 
such considerations that the specific nature of the catalyst- may 
determine the actual mechanism of a given reaction to a large 
extent. 


The Union of Oxygen and Silicon. 

In the reactions just considered, the critical increment of partial 
activation of oxygen has been taken .to be 30,000 cals, approxim- 
ately, this being the value required for the formation of ozone. 
As already pointed out, more than one stage of activation may be 
anticipated up to the limiting activation which corresponds with 
complete dissociation of the molecule into atoms. Each activation 
corresponds with a certain size of quantum of radiant energy, that 
is, with a certain frequency. The general conclusion reached in 
connexion with absorption spectra is that frequencies are related to 
one another in terms of even multiples of some fundamental fre- 
quency, that is, various degrees of activation are similarly related. 
A low degree of activation of the oxygen molecule requires 30,000 
cals, of energy to be absorbed per gram -molecule, and therefore 
higher degrees of activation would require 60,000, 90,000 cals., 
etc., up to the limiting value of complete dissociation, which 
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appears to correspond with a quantity of the order 140,000 to 
150,000 cals. 

Sufficient information is not as yet available to enable us to say 
how many of these possible degrees of activation may actually 
manifest themselves. As an example of partial activation of 
ox ygen which is apparently considerably greater than 30,000 cals., 

W e may take the case of the formation and decomposition of an 
exceedingly stable compound, silica or quartz. 

To decompose a molecule of quartz, it is evident that a quantum 
in the very extreme ultra-violet portion of the spectrum is required, 
in order to supply the necessary energy. It is well known that 
quartz commences to absorb radiation sensibly beyond the wave- 
length 185 fi/a. S. Richardson (Phil. Mag., 1916, [vi], 31, 463) 
finds that the dispersional wave-length of quartz is 105 pp. It 
does not necessarily follow that the dispersional wave-length or 
frequency is that required for complete dissociation of the molecule. 
That in the case of quartz, however, the necessary wave-length 
cannot differ much from 105 jap is rendered probable by the follow- 
ing consideration. In a quartz mercury vapour lamp, it is gener- 
ally believed that the quartz remains undecomposed ; otherwise it 
would be difficult to account for the life and permanence of the 
lamp. That is, quartz can only be decomposed by a wave-length 
which is shorter than any emitted by the mercury vapour. O. W. 
Richardson and Bazzoni (Phil. Mag., 1917, [vi], 34, 285) have ^ 
found that there is a limiting wave-length in the spectrum of a 
substance; that is, no wave-length shorter than a certain value, 
characteristic of the substance, can be emitted. In the case of 
mercury vapour, this limiting wave-length lies between 120 and 
100 jui/i. The mean of these two limits is 110 jup, and we conclude 
on the above reasoning that quartz can only he decomposed by a 
wave-length shorter than this value. This points fairly definitely 
to S. Richardson's value, 105 pp, for the dispersional wave-length 
of quartz as being the wave-length capable of decomposing the 
molecule. 

The critical increment corresponding with X— 105 pp, is 270,000 
cals, per gram-molecule of quartz, an enormous quantity, which is 
in qualitative agreement with the known stability of quartz. 

We have now to consider the heterogeneous reaction 

Si + 0.i = Si0 2 . 

On Langmuir's view as applied in the present paper, we regard 
the silicon as already in the atomic state. If x is the necessary 
critical increment of oxygen per gram-molecule, then x is likewise 
the total critical increment of the reactants. The heat of the 
reaction is known t.o be 184,000 cals, in round numbers, and hence, 
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on applying the quantum-heat expression : heat evolved = 
critical increment of resultants — critical increment of reactants 
we obtain 184,000 = 270,000 — #, whence #=86,000 cals. Owing 
to the error in the observed heat effect and in the value of the 
critical increment of quartz, this value for the critical increment 
of oxygen may be regarded as agreeing approximately with the 
value 90,000 cals, expected from the lower degree of activation of 
the molecule. What is particularly important is that even this 
value does not correspond with complete dissociation of the oxygen 
molecule. We may therefore conclude that the molecule of quartz 


possesses the structure 



rather than 


OiSilO. 


This is an 


illustration of how a knowledge of the necessary critical increments 
—which in the present case, unfortunately, are not known with 
precision — may lead to information concerning molecular structure, 


One of the chief difficulties met with in the kinetics of hetero- 
geneous reactions has its origin in the selective nature of the 
absorbability of the reactants and the resultants, particularly the 
latter. The so-called catalytic “poisons” are now generally 
regarded as owing their effect to marked selective adsorption, as 
a result of which the surface of the catalyst becomes covered with 
a layer of molecules, and is th-us no longer capable of catalysing 
the reaction. In many cases, the resultants of the reaction are 
adsorbed in this manner, and consequently function as a catalytic 
poison. Since the extent of adsorption diminishes as the tempera- 
ture rises, it is obvious that when such poisoning effects are present 
the temperature coefficient of the reaction velocity over a certain 
range of temperature is not comparable with that over a different 
range, for the total observed velocity depends not only on the true 
effect of temperature on the chemical process itself, but likewise 
on the alteration in the extent of active surface presented to the 
reactants. The simplest conditions are obviously those in which 
the adsorption effects are a minimum, and such conditions will 
occur generally when the energy required for sublimation or de- 
sorption is small. In the other cases where adsorption effects are 
large, it is necessary t*. ^correct the observed velocity constants for 
the change in the area of the effective surface produced as a result 
of the change in temperature. Thus in the case in which the 
resultant is markedly adsorbed, and therefore acts as a negative 
catalyst, the temperature coefficient will possess too high a value, 
and instead of decreasing as temperature rises, may even increase. 
A similar abnormal behaviour is to he anticipated when a reaction 
proceeds partly in the homogeneous gaseous phase, partly in the 
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surface, for as the temperature rises the reaction tends to pre- 
dominate in the gaseous phase, and therefore possesses a higher 

temperature coefficient. 

Muspratt Laboratory of Physical and Electro-Chemistry, 
University of Liverpool. 

[ j Received, January 22nd, 1919,] 


XXII . — The Estimation of the Methoxyl Group. 

By John Theodore Hewitt and William Jacob Jones. 

Since the introduction of the Zeisel method for the estimation of 
juethoxjd groups (Monatsh., 1885, 6, 989; 1886, 7, 406; Benedikt 
and Griissner, Cheni. Zeit ., 1889, 13, 872), numerous attempts havo 
been made to simplify the apparatus and shorten the operation. 
The method of rectifying the methyl iodide proposed by Zeisel is 
effective but troublesome; the inclined condenser has to be of con- 
siderable length, and consequently occupies some bench space, whilst 
the constant supply of water to the condenser at about 50° necessi- 
tates supervision. A further inconvenience of the Zeisel method 
is the trouble experienced in working np the precipitate of double 
iodide and nitrate of silver, time being lost in evaporating the 
alcohol and obtaining the silver iodide in a pure condition. . 

The use of a rectifying column provided with a thermometer, in 
place of the inclined condenser fed with water at an approximately 
definite temperature, was recommended by Hewitt and Moore (T., 
1902, 81, 318), and impurities in the hydriodie acid were removed 
by passing carbon dioxide through the acid at 130° before intro- 
ducing the substance under examination. Considerable saving in 
bench space was effected, and during the operation it was only 
necessary to control the stream of carbon dioxide and the flame 
under the glycerol bath so as to give the necessary temperatures 
in the reaction flask and at the top of the rectifying column. 
Several modifications of the Zeisel method have been suggested in 
which ordinary rectification has been relied on in place of inclined 
condensers in which the temperature is controlled by running 
water (Perkin, T., 1903, 83, 1367 ; Zeisel and Panto, Zeitsch. anal 
Chem., 1903, 42, 549; Stritar, ibid., 579; Hesse, Her., 1906, 39, 
1142), Shortening the process by estimation of the methyl iodide 
in a more rapid manner was left untouched for years. The 
necessity of estimating methyl iodide obtained from methyl alcohol 
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mixtures rapidly and accurately caused the present authors to 
search for a quick process. 

Since combination of alkyl iodides with bases of the pyridine 
series takes place very rapidly, there seemed to be a promising way 
of obtaining the iodide in an ionisable form and then estimating 
it volu metrically. After working out a satisfactory process, it was 
found that the same fundamental idea of combining the methyl 
iodide with a tertiary base had already been utilised (Kirpal and 
Biihn, Ber., 1914, 47, 1084), but the subsequent volumetric 
estimation of iodide by standard silver nitrate solution may be con- 
siderably shortened. Instead of rejecting the excess of pyridine 
by evaporation and estimating the iodide with standard silver 
nitrate, using a chromate as indicator, the pyridine and its meth- 
iodide may be directly diluted with water, acidified with nitric 
acid, a known amount of silver nitrate added, and the excess of 
the latter determined by thiocyanate according to Volkard^ 
method. Adoption of this procedure reduces the time of experi- 
ment considerably. 

The applicability of Volhard’s method to the estimation of 
methyl iodide after reaction with pyridine was controlled in a 
separate experiment. 3*10 Grams of freshly distilled methyl iodide 
were diluted to a volume of 100 c.c. with pyridine which had been 
saturated with carbon dioxide. By dilution with water, addition 
of silver nitrate, and determination of the excess of silver with 
thiocyanate, 3' 13 grams of methyl iodide per 100 c.c. were found. 


Method. 

Hy dr iodic Acid . — The bydriodic acid is prepared by saturating 
an aqueous suspension of iodine with hydrogen sulphide, distilling 
the resulting solution, and collecting the fraction boiling between 
123° and 127° (D 1*7) for use. 

Residues from analyses are redistilled and used again, 

Pyridine . — Complete separation from, picoline is unnecessary; 
it is, however, advisable to remove substances of high boiling point. 

Pyridine bases as obtained from tar distillers are mixed with 
two-thirds of their we^ht of water and fractionated. The fraction 
distilling between 93° and 97°, containing the mixture of constant 
boiling point, is shaken with one-third of its weight of solid sodium 
hydroxide, the upper layer is separated, fractionally distilled, and 
the bases distilling between 114° and 117° are collected for use- 
Residues containing pyridine may be accumulated, rendered alkaline 
with one-fiftieth of their weight of solid sodium hydroxide, distilled, 
the distillate at 93 — 97° collected, and worked up. 



the estimation of the methoxyl group. 


195 


The Estimation . — The apparatus consists of the usual carbon 
dioxide generator, decomposition flask heated in a glycerol bath to 
130°, and rectifying column (four-pear or other suitable form). 
The carbon dioxide carrying the methyl iodide vapour is passed 
through two test-tubes in series, each containing 10 c.c. of pyridine. 

For the estimation, a suitable weight of the substance is taken, 
and 20 c.c. of hydriodic acid (D 1‘7) are added. 

After the experiment has been in progress for one hour, the con- 
tents of the test-tubes are completely washed into a graduated flask, 
when they are diluted with water, and the iodide is estimated by 
the process indicated above. 

Iu all cases, early in the course of the experiment, a yellow 
coloration develops in the pyridine. This vanishes on diluting the 
pyridine at the end of the experiment. Its appearance, therefore, 
need cause no apprehension to the analyst that free iodine is Ending 
its way into the pyridine. Moreover, carefully purified samples of 
methyl iodide and pyridine on admixture develop colour. The 
behaviour of a mixture on dilution with water was compared with 
that of an iodine solution of equal depth of colour. On diluting 
a 3 per cent, solution of methyl iodide in pyridine with a quarter 
of its volume of water, the colour became very pale, and with its 
own volume of water it almost vanished. The iodine solution, on 
being similarly diluted, still retained its colour. It would thus 
appear that the coloration is not due to free iodine. Should, how- 
ever, the colour persist on dilution with water, it is then advisable 
to discharge it with thiosulphate solution. 


Analyses. 


Percentage of methoxyl group 


Substance. 

Found. 

Calculated* 

Brucine hydrate 

13-5 

13-3 

Methyl oxalate 

50- 1 

52-5 

Methyl alcohol 

95-2 

969 

1) „ _ t 1 

95-2 

96*9 

„ 

96-0 

969 

tl 

96-3 

96*9 

Methyl salicylate 

19-7 

204 


A methylated cellulose which gave 39*1 per cent, of methoxyl 
by the gravimetric Zeisel method was found to contain 39'2 per 
cent, by the present method. 

Unsatisfactory results were obtained with a sample of methyl 
benzoate and with one of hydrated quinine sulphate. 

Ibis comparatively rapid method for the estimation of methoxyl 
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groups may be applied conveniently to the products of wood dis. 
tillation or other mixtures containing methyl alcohol. 

Methyl alcohol has usually been estimated in these products by 
conversion into methyl iodide, and measurement of the volume 0 f 
the latter compound (Krell, Ber., 1873, 6, 1310; Grodzky and 
Kramer, ibid., 1492). ■ Zeisel and Stritar’s process of weighing 
volatilised iodine as silver iodide obviates the inexactness due to 
determination of the volume of the methyl iodide, but time may bo 
saved by combining the methyl iodide with a tertiary base and 
estimating the iodine volumetrically. 

A suitable amount (see below) of the liquid- to be analysed is 
heated with 20 c.c. of hydriodic acid (D 1*7) for one hour. Xhe 
contents of the test-tubes are then completely washed into a 
graduated flask and made up with water to 100 c.c. An aliquot 
portion (see below) of the diluted solution is introduced into 
a glass stoppered bottle of 250 c.c. capacity, 70 c.c. of water are 
added, and then, in order, 25 c.c. of Nj 10-silver nitrate solution 
and 30 c.c. of approximately 10A -nitric acid. The bottle is 
well shaken by hand for five minutes, and 5 c.c. of concentrated 
ferric alum indicator are added. Nj 10-Thiocyanate solution is 
now run in until further addition of one drop imparts a permanent 
orange colour to the liquid. 

Suitable amounts of liquids to be taken for analysis are given 
below. 

a represents the volume of material to be operated on and its 
dilution when necessary. 

b gives the volume of the diluted aqueous pyridine solution, 
obtained as described above, to be actually used in a titration. 

c is the formula to be used giving the weight in grams of methyl 
alcohol in 100 c.c. of the liquor analysed, where t is the number 
of c.c. of N j 10-thiocyanate solution used in the titration. (Note.— 
The figure 25 given in the formulae must be multiplied by /, the 
factor for the silver nitrate solution, if this is not exactly deci- 
nonnal.) 

Pyroligneous Acid. — (a) Take 5 c.c. of the original liquor; 
(6) 40 c.c.; (c) 016 (25-*). 

Crude Wood Nap'Jtha , — (a) Take 10 c.c., dilute to 100 c.c. with 
water, and use 5 c.c. of the diluted solution for distillation with 
hydriodic acid; (&) 40 c.c.; (c) 1*6 (25 -t). 

Methyl Alcohol and Mixtures of the Alcohol with Acetone.— 
(a) Take 10 c.c., dilute to 100 c.c. yith water, and use 5 c.c. of 
this diluted solution for the estimation; (6) 20 c.c. ; (c) 3*2 (25 -f)- 
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Analyses. 

Artificial mixtures containing methyl alcohol and other products 
0 f wood distillation were made up and analysed by the method 
described. 

Composition. 

No. of grams of methyl alcohol 
per 100 c.c. of liquor. 

Liquor , ' , 

Number. Actual. Found. 

1 2-39 2-35 

2 68-5 < 68*1 

3 2-39 2-35 

4 31-8 31-5 

Analyses of purified methyl alcohol by the present method have 
already been given. 

It will be seen that, on an average, the results are 1 per cent, 
too low. Stritar and Zeidler ( Zeitsch . anal. Ckem ., 1904, 63, 
387) found that the maximum amount of methyl iodide obtainable 
from pure methyl alcohol in a Zeisel estimation corresponded with 
a 99 per cent, yield. 

Liquors 1 and 2 were aqueous solutions of purified methyl 
alcohol. Liquor 3 contained, per 100 c.c., 7*03 grams of acetic 
acid, 0‘80 gram of acetone, and 2*39 grams of methyl alcohol, the 
remainder being water. It represented a pyroligneous acid. 
Liquor 4 was an equilibrium mixture prepared from 10 04 grams 
of acetic acid, 39 60 grams of acetone, and 31*82 grams of methyl 
alcohol, made up to 100 c.c. with water (1*27 grams). This mix- 
ture, which, of course, contained methyl acetate, represented the 
first runnings obtained in the rectification of crude wood naphtha. 


Compounds yielding Methyl Iodide , other than Methyl Alcohol, 
present in Wood Distillates. 

The constituents of wood distillates have been examined by 
Stritar and Zeidler (loc. cit .) with a view to determine which yield 
methyl iodide on treatment with hydriodic acid. They found that 
acetone gave no methyl iodide, whilst the yield from both form- 
aldehyde and acetaldehyde was negligible. Methyl acetate gave one 
equivalent of methyl iodide, and methylal and dimethylacetal each 
gave two. Allyl alcohol gelded its equivalent of sec. -propyl 
iodide. G-uaiacol and other methyl derivatives of the phenols 
yielded their equivalent of methyl iodide. 

Of these substances, the quantities of acetal encountered are too 

VOL. cxv. K 
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small to be of consequence. According to Grodzki and Kram er 
(loc. cit .) 3 the amounts of allyl alcohol and of methyl alcohol in 
raw wood spirit are in the ratio of 2 to 1000. Stritar and Zeidl« 
find that guaiacol may be eliminated from aqueous solutions 0 f 
crude wood spirit by shaking with animal charcoal. They state 
that on omitting this treatment, the amount of methyl alcohol 
found is too high by about 2 parts in 100 parts. It will be seen 
that the quantities of alkyl iodide yielded by the amounts of ally] 
alcohol and of guaiacol present in the aqueous wood distillates, 
relatively to that yielded by the methyl alcohol present, border 
closely on the experimental error. It is the experience of the 
authors that, where precautions are taken to eliminate these sub- 
stances preliminary to analysis, the errors due to losses outweigh 
the error introduced through ignoring their presence. 

The present method gives the total methyl alcohol, including 
both the free alcohol and that which is combined as methyl acetate. 
If it is desired, the amount of ester present may be determined by 
quantitative hydrolysis. 

The alcoholic silver nitrate of the Zeisel method of estimating 
methoxyl may be replaced by pyridine. The pyridinium methyl 
iodide formed can be determined by Volhard's thiocyanate method. 

Methyl alcohol in wood distillates may be determined by the 
method described above. 

[Received, January 17tA, 1919.] 


XXIII . — The Preparation of Monomethylaniline, 

By Percy Faraday Frankland, Frederick Challenger, and 
Noel Albert Nicholls. 

When aniline is submitted to the action of the usual methylating 
agents, it is difficult to limit the course of the reaction to the intro- 
duction of a single methyl group. We have investigated the pro- 
duction of monometi/laniline by three methods, with a view to 
obtain it in a pure condition. 

(1) The process described in the German Patent 75854, and with 
slight modifications in the French Patent 212506, consists in con- 
densing aniline with formaldehyde and then reducing with zinc 
dust and concentrated aqueous sodiunf hydroxide until a test por- 
tion dissolves to a clear solution in acetic acid. Any unreduced 
methyleneaniline, CH 2 !N*C 6 H 5 , is thereby converted into insoluble 
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anhydroformaldehydeaniline, (CH 2 :N-C 6 H 6 ) 3 . Using 100 grams of 
aniline, we have found the reduction to be completed in twelve to 
fifteen hours, and have obtained about 55 per cent, of the theoretical 
vi e ld of methylaniline. The Patent Specifications make no mention 
of the yields obtained. 

The principal advantage of this method lies in the fact that the 
product, although rich in aniline, contains only traces of dimethyl - 
aniline. The presence of the aniline may be the result of incom- 
plete condensation with formaldehyde in the first instance, or of 
the hydrolysis of the methyleneaniline by the hot water, or of both 
causes. The primary base can be recovered in the form of its 
ziucichloride, which is almost insoluble in water, the methylated 
bases not being affected by this reagent (Monutsh., 1888, 9, 514). 
The method appears to work very satisfactorily. 

Morgan (English Patent 102834), who has also studied the reduc- 
tion of methyleneaniline, suggests that the poor yield of methyl- 
aniline may be due, in addition to hydrolysis, to the conversion of 
pome of the methyleneaniline into s-diphenylmethylenediamine, 
CH 2 (NH*C 8 H 6 ) 2 , and anhydroformaldehydeaniline. We have failed 
to obtain more than traces of monomethylaniline from the last- 
named subs'tance (compare, however, Goldschmidt, Chem. Zeit., 
1004, 28 , 1229), but when ,s--diphenylmethylenediamine (Eberhardt 
and Welter, tier ., 1894, 27 , 1804; Eibner, Annalen , 1898, 302 , 
319) is reduced with zinc dust and alkali hydroxide under the con- 
ditions of the earlier patents, aniline and monomethylaniline are 
produced in equal amounts, probably according to the equation 

CH 2 (NH-C c H 5 ) 2 + 2H - C 6 H 5 -NII 2 + C c H 5 -NH*CH 3 . 

We attempted to diminish the hydrolysis by performing the 
reduction in concentrated alcoholic solution. The yield of methyl- 
aniline was, however, only about 46 per cent. No better results 
were obtained by increasing the quantity of formaldehyde; 1'5 
molecular proportions gave rise to some dimethylaniline, whilst 
with 10 molecular proportions, considerable quantities of this base 
were formed.* 

This appears to be due to the interaction of monomethylaniline 
and formaldehyde, giving rise to s-diphenyldimethylmethylene- 
diamine, which then undergoes reduction. This reaction would, 
moreover, be analogous to the reduction of s-diphenylmethyleno- 
diamine. The condensation product of formaldehyde and methyl- 

Compare the action of formaldehyde on methylaniline in acid solution 
( oldschmidt, loc, dt.) and on methyl -o-toluidine (Braun, Per., 1908, 41 , 2153), 
also on ammonium chloride (Werner, T., 1917, 112 , 844). Sea also Pinnow, 

er ’’ ^894, 27, 3166; Cohn, Chem, Zeit., 1900, 24, 564. 
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aniline (Braun, Ber., 1908, 41, 2147) was therefore prepared and 
reduced under the usual conditions, with the result that 
dimethylaniline was produced. 

(2) The process described in various works of reference consists 
in heating aniline hydrochloride with methyl alcohol in an auto- 
clave to 180 — 200°.* The best result obtained by us in a series of 
thirteen experiments was a 55 per cent, yield of monomethyl aniline 
Experiments in sealed tubes confirmed these results. 

We have also investigated a variation of the above method in 
which aniline hydrochloride and methyl alcohol are heated together 
in the presence of glacial acetic acid (Ber., 1897, 30, 3072). The 
most favourable result was a yield of 56 per cent, of methylaniline 

(3) The demethylation of dimethylaniline by heating with aniline 
hydrochloride at above 180°. In the most favourable experiments 
a yield of 55 per cent, of methylaniline was obtained. Aniline 
was also heated to a high temperature with dimethylaniline hydro- 
chloride with similar results, but it was found necessary to heat 
for a much longer period. This was probably due to the more 
basic nature of dimethylaniline. A condition of equilibrium 
between the three bases and hydrochloric acid would appear to he 
established. 

At the time these experiments on demethylation were performed 
(1916), we were unable to find any record of similar work on this 
subject, apart from the well-known phenomenon of the transfer at 
above 300° of alkyl groups from nitrogen to the ring. 

According to Schultz (“Chemie des Steinkohlentheers,” 1900, 
3rd ed., I, p. 98), monoethylaniline may be prepared by heating 
aniline hydrochloride with diethylaniline. No yields or references 
to the original literature are given, but the reaction is obviously 
not quantitative, since it is stated that the hydrochloride of diethyl- 
aniline remains in solution. 

E XPERI MENTAL. 

Preparation of M o n o me t kylanili n e according to D.R.-P. 75854. 

Materials Used. — One hundred grams of aniline, 80 5 grams of 
formaldehyde (37 per cent.), 30 grams of methyl alcohol, 25 grams 
of sodium hydroxide solution (D 1-38), 150 grams of zinc dust, 

1 litre of water, and 225 grams of sodium hydroxide solution. 

* The published statements concerning the yields of monomethylaniliitf 
obtained in this way are very contradictory. See Wohb Atack, “ Organic 
Dyestuffs, 1 ’ p. 70 ; Cain, “Intermediate Products,” p. 61; Lunge, “ Chein. 
Techn. IT; ntersuch u ngemethoden,’ ’ Vol. III., p. 761 ; Fried]ander P 
“ Fortschritte der Teerfarbenfabrikation,” 1877 — 1887, p. 6. 
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The first four ingredients were mixed in a wide-mouthed bottle 
rt-t-ed with a stirrer and a reflux condenser, the zinc dust and water 
l^en added, and the temperature raised to about 90°. The 
remainder of the sodium hydroxide solution was gradually intro- 
duced and the stirring continued at this temperature until, after 
bout twelve to fifteen hours, the methyl eneaniline had disappeared. 
The bases were then distilled in a current of steam, extracted with 
ether and a portion converted into the nitrosoamine. Yield of 
bases! 102 grams. Theory = 115 grams. 

Thirty grams of the mixture gave 23 grams of dry phenylmethyl- 
nitrosoamine, whence the total yield of monomethylaniline is 54*5 
per cent, of the theoretical. 


preparation of Monomethylaniline according to French Patent 
212506. 

In these experiments, the quantities of material and method of 
procedure were as described above, with the exception that the 
whole of the sodium hydroxide solution was added at once. 

In one case, where particularly efficient stirring was employed, 
the methyleneaniline had disappeared in six and a-half hours. In 
this experiment, the mixed bases contained 65 per cent, of mono- 
methylaniline (by the nitrosoamine method of analysis), correspond- 
ing with a yield of 51 '5 per cent. Other experiments with the 
same quantities and under similar conditions gave yields of 41*5 
and 53'5 per cent, of the theoretical quantity of monomethyl- 
aniline. 

Reduction in the Presence of Excess of Formaldehyde . 

In two experiments on 100 grams of aniline, in which 0'5 mole- 
cular proportion of formaldehyde was used in excess, the yields of 
monomethylaniline were 46*5 and 55 per cent. In the first case, 
about 17 grams of the hydrochloride of p-nitrosodimethylaniline 
were obtained on nitrosification. 

With an excess t>f 9 molecular proportions of formaldehyde, two 
experiments according to the German Patent gave scarcely any 
monomethylaniline; the reactions proceeded very slowly, and in 
one case much dimethylaniline was produced. 

Reduction in Concentrated Alcoholic Solution. 

One hundred grams of aniline, 25 grams of formaldehyde (36 
per cent.), 840 grams of alcohol, 88 grams of solid sodium hydt- 
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oxide, 25 grams of aqueous sodium hydroxide (D T38), and ]5 q 
grams of zinc dust were vigorously stirred together. The reaction 
was complete in seven and a-half hours at about 60°, and the yield 
of methylaniline was 46-5 per cent, of the theoretical. 


Reduction of s-Dipkenylmethylenediamine. 

Thirty grains of s-diphenylmethylenediamine, 125 grams of 
sodium hydroxide solution (D T38), 75 grains of zinc dust, 500 c.c 
of water, and 25 grams of alcohol were mixed and vigorously stirred 
for ten and a-half hours at 70 — 90°. When a portion dissolved to 
a clear solution in dilute acetic acid (in which s-diphenylmethylene- 
diamine is but sparingly soluble), the products were distilled in a 
current of steam. 

Twenty-two grams of mixed bases were obtained, which gave 
13 grams of phenylmethylnitrosoamine, corresponding with a yield 
of 10*2 grams of monomethylaniline. From the diazonium chloride 
solution, 10 grams of phenol were isolated, corresponding *ith 
10 grams of aniline. 


Reduction of the Condensation Product of Formaldehyde and 
Monomethylaniline . 

Fifty grams of monomethylaniline, 19 grams of formaldehyde 
(36 per cent.), and 5—10 c.c. of aqueous sodium hydroxide were 
mixed, well shaken, and allowed to remain overnight. 

The condensation product was separated by extraction with ether 
and reduced with a mixture of 150 grams of zinc dust, 1000 c.c. 
of water, 60 grams of methyl alcohol, and excess of sodium hydr- 
oxide solution at about 80°. After one and a-half days, the bases 
(44 grams) were removed by steam distillation. Nitrosification 
showed the product to contain 35 grams of monomethylaniline. 
whilst 9 grams of p-nitrosodimethylaniline hydrochloride were 
obtained. 


The Interaction of Aniline Hydrochloride and Methyl Alcohol 
in an Autoclave and in Sealed Tubes. 

In these experiments, the methylaniline was determined as the 
nitrosoamine and the aniline as phenol after decomposition of the 
diazonium salt. Dim ethyl aniline was separated and weighed as 
p-nitrosodimethylaniline hydrochloride, but as some of this always 
remained ill solution, the figures for the tertiary base are 1 p w - 
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In experiment 8, aniline (140 grams) and sulphuric acid (16 
trains) were use< ^ °f aniline hydrochloride. Experiments 

9—13 were made in sealed tubes, and in Nos. 11, 12, and 13 acetic 
acid (12 grams) was added. 

Percentage yield 


gxperi- 

hydro- 

Methyl 

Tempera- 

• in 

Aniline. 

Methyl- 

Dimethyl- 

chloride. 

alcohol. 

ture- 

hours. 

aniline. 

aniline. 

1 

2 

110 

32 

180 0 

21- 

— 

48*0 

— 

110 

32 

180 

2| 

27*0 

51-5 

— 

3 

4 

110 

32 

180 

2 V 

255 

53*0 

16*5 

220 

64 

180 


360 

52-0 

70 

5 

220 

64 

190 

above 

ob 

34*0 

55*0 

7-0 

ft 

220 

64 

180 

41 

26*0 

53-0 

10*0 

7 ’ 

220 

96 

180 

3 

— 

45*0 

200 

s 

140 

84 

190 

41 

32*0 

40*5 

160 

9 

22 

64 

180 

if 

19*0 

58-0 

110 

10 

22 

7*0 

175 

6 

13*0 

54-0 

13-0 

11 

22 

6*4 

170 

5 

— 

56*0 

— 

12 

22 

6*4 

225 

3 

— 

41-0 

— 

13 

22 

6*4 

220 

3 

— 

47*5 

— 


M ethylation of Aniline under other Conditions. 

(1) Twenty-six grams of aniline hydrochloride, 7 grams of methyl 
alcohol, and 25 e.c. of hydrochloric acid were heated in a sealed tube 
for six hours at 200—210°. Nitrosoamine=13’5 grams; yield of 
methylaniline = 49* 5 per cent. 

(2) Thirty-six grams of aniline zincichloride and 6 ' 4 grams of 
methyl alcohol were heated in a sealed tube for seven hours at 
180°, Nitroso*mine=7’5 grams; yield of methylaniline - 28 per 
cent. 

(3) Twenty-two grams of aniline hydrochloride, 6*4 grams of 
methyl alcohol, and 15 grams of anhydrous calcium chloride were 
heated at 160° for three hours. Nit-rosoamine = 10 grams; yield of 
methylaniline =43 per cent. 

(4 and 5). Twenty-eight grams of aniline (in the presence of 
O' 2 gram of iodine) were heated in one case with 10 grams, in 
another with 6*5 grams, of methyl alcohol for nine hours at about 
220° (Knoll and Co., D.R.-P. 250236). In both cases, nitroso- 
amine=15 grams. Yield of methylaniline =42 per cent. 


The Demethylcition of Dime thylaniline. 

Vint Series . — Interaction between aniline hydrochloride (13‘0 
grams) and dimethylaniline (12'0 grams) in molecular proportions 
in sealed tubes. 
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Tiihe 

Experiment. Temperature, in hours. 
1 180° 6 

2 200 6 

3 230—235 54 


Nitroso- Percentage yield of 
amine, monomethylanilk 
12-5 46 ‘ 

15*0 55 

15*0 55 


Second Series . — Interaction between dimethylaniline hydro, 
chloride (31’5 grams) and aniline (18*6 grams) in molecular p*y 
portions in sealed tubes.* 


Experiment. Temperature. 

Time 
in hours. 

Nitroso- 

amine. 

Percentage yield ( 

monomethylaiuliru 

1 

180° 

3 

4 

14*5 

2 

180 

6 

11-5 

21*0 

3 1 

200 

13 

28-0 

51-0 


1 In Experiment 3 about 5 grams of a white solid separated on diluting the 
contents of the tube. This melted indefinitely at 144°, and after crystalliga- 
tion from light petroleum indefinitely at about 160°. It was only superficially 
examined, and appeared to be a tertiary halogen-free base, possibly containing 
methyl groups in the benzene nucleus. 


When 12 grams of dimethylaniline and 9*5 grams of aniline 
(molecular proportions) were heated for three hours at 220°, prac- 
tically no monomethylaniline was produced. 

Demethvlation was found to occur when the two hydrochlorides 
were heated for three hours at 180°; thus, 13 grams of aniline 
hydrochloride and 15*8 grams of dimethylaniline hydrochloride 
(molecular proportions) gave 5*5 grams of the nitrosoamine, corre- 
sponding with a 20 per cent, yield of monomethylaniline. 


The Separation of Aniline, and M ortome thylaftilirfk using Ziru- 
Chloride . 

A mixture of aniline and monomethylaniline was treated with 
an aqueous solution of anhydrous zinc chloride. The precipitate 
was collected and thoroughly washed with light petroleum. After 
evaporation of the solvent, the residue of crude methylaniline was 
weighed and converted into the nitroso-derivative, which was 
removed from the mixture by extracting three times with ether, 
dried, and weighed. t 

The acid liquid winch remained after the removal of the nitroso- 
amine, and contained traces of benzenediazonium chloride, was 
heated, saturated with salt, the phenol extracted with ether, aad 
dually weighed. The aqueous filtrate from the zincichioride pre- 
cipitate contained practically no aniline or methylaniline hydro 
chlorides. 

* In Experiment 1 half these quantities were employed. 
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The accuracy of this method was checked by regeneration of the 
iniUrto from a given weight of the zincichloride 

A rudytical Results. — Taken : Aniline 20 grama, methylaniline 
20 grams, fused zinc chloride 22 grams, water 50 c.c. 

Obtained: Zincichloride, 37 grams, whence aniline = 19-2 grains. 
phenyhuethylnitroBoamine, 23‘7 grams, whence methylaniline = 
lfr7 grains. Phenol, 0*25 gram, whence aniline -0*25 gram. 

There was also obtained 0‘5 gram of bases from the aqueous 
filtrate from the zincichloride. 

The University, 

Birmingham. [Received, February 6 th, 1919 .] 


XXIV . — Equilibria in the Reduction of Oxides by 
Carbon. 

By Rolan n Edgar Slade and Geoffrey Isherwood Higson. 

Equilibria of some reactions of the type : 

metal oxide + carbon ^ carbon monoxide + metal 

inetal oxide + metal carbide carbon monoxide + metal 

* 

have been investigated. 

In either of the above systems there are three components, 
namely, metal; carbon, and oxygen, and four phases, namely, 
metal, metal oxide, carbon (or carbide), and carbon 'monoxide (gas). 
The number of degrees of freedom is thus 3 + 2 — 4 = 1. Therefore 
at one temperature there is one pressure of carbon monoxide which 
determines the equilibrium of the system 

The following experimental method was adopted. A small 
quantity of the metal was heated in a vacuum to a certain tempera- 
ture, and carbon monoxide was then admitted until the pressure 
was greater than the equilibrium pressure. The reaction pro- 
ceeded in the direction from right to left, and carbon monoxide 
was absorbed until the equilibrium pressure was attained. Some 
carbon monoxide was then removed, when the reaction proceeded 
from left to right until the equilibrium pressure was again attained. 
If the carbon formed in the first part of the experiment did not 
remain as a separate phase either as a carbon or as a carbide, but 
formed a solid solution with the metal, there would be only two 
solid phases present with the gas phase; the system would there- 
at* 
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fore have two degrees of freedom, and the pressure of carbon m on 
oxide would depend on the relative amounts of metal and carbon 
present, as well as on the temperature. When the equilibrium 
was attained from left to right, there was less carbon monoxide 
present than when the equilibrium was attained from right to left 
therefore the equilibrium pressures would have been different in 
these two cases if there were only two solid phases present. 

The equilibrium may be calculated from the heat of reaction bv 
making use of the Nernst heat theorem. In the reaction 

M + CO — MO + C+& . (i| 

where M is the weight in grams of any metal combining with 
16 grams of oxygen, and Q t is the heat of reaction; in all cases 
Qt is positive, so that increase in temperature will cause the form- 
ation of M + CO. That is to say, p co increases with the tempera- 
ture. This quantity of heat, Q u may be considered as the differ- 
ences of two quantities of heat, Q x and Q 2 , for if we write 

M+0-M0+ Q 1 ...... (2) 

co=c+o +e 8 (3) 

then, on addition, M + CO = MO + C+ (Qj-f- Q 2 ). Q 2 , the heat of 
dissociation of carbon monoxide, is -29,000 calories, therefore 

Qt=Qi~ 29,000 (1; 

Neglecting terms containing T 2 , the Nernst heat theorem requires 

that 

logi>c = +1-75 log T + 2-6 , . . (5) 

where Q 0 is the heat of reaction at absolute zero. 

The thermodynamic constant used for carbon monoxide is the 
value given by Weigert in Abegg's “ Handbuch." The relation 
between and Q t is given by the equation 

$o=^+3-52 1 (6) 

Limits of the Investigation . — The equilibrium mentioned above 
could only be determined at temperatures at which the 
equilibrium, 

2C0^C0 2 +C, 

is practically completely in the left-hand direction. Rhead and 
Wheeler (T., 1910, 97, 2187; 1911, 99, 1140) have investigated 
this equilibrium, and from their results it is possible to calculate 
the partial pressure of carbon dioxide in equilibrium with carbon 
monoxide at 760 mm. or 50 mm. These values are given m 
table I. 
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Table I. 



Pressure of carbon 

Pressure of carbon 


dioxide in mra. 

dioxide in mm. 


when pressure of 

when pressure of 


carbon monoxide 

carbon monoxide 

Temperature. 

is 760 mm. 

is 50 mm. 

850° 

53- 8 

0*23 

900 

17*6 

0-076 

1000 

4-6 

0-0020 

1100 

0-90 

0 00082 

1200 

0*46 

0-00020 


from these figures, it is seen that if the equilibrium pressure is 
as low as 50 nun., there is no complication due to the presence of 
carbon dioxide at temperatures from 850° upwards. If, however, 
the pressure is as great as 760 mm., the amount of carbon dioxide 
present is appreciable up to 1200°. If a carbide is present instead 
of free carbon, the ratio of carbon dioxide to carbon monoxide 
will be greater, for we have 



PcOtPc 


and p c (partial pressure of carbon vapour) will be lower over a 
carbide than over carbon. 

In all our experiments, the equilibrium pressures were sufficiently 
low and the temperature was sufficiently high for the pressure of 
carbon dioxide to be negligible. 

The metals with which we could determine the above equilibrium 
were only such as would fulfil the following conditions: (1) The 
metals must not be volatile at the temperature of the experiments. 
At these temperatures, the vapour pressure of the metal should 
jcertainly not be more than 0'25 mm., or it will distil rapidly on 
jto parts of the platinum tube which are at a somewhat lower 

I mperative, and probably attack the platinum. Platinum tubes 
ire, in fact, destroyed by the volatility of boron and manganese. 

) The equilibrium pressure must not be greater than 50 mm. at 
0°, or the quantity of carbon monoxide in the gas phase will 
appreciable. (3) The equilibrium pressure must be sufficiently 
eat to be measurable. It must be at least 1 mm. at 1300°. 
pplying the Nernst heat theorem to the equilibrium, we should 
ly expect those elements of which the heat of oxidation, per gram- 
om of oxygen, lies between 75,000 and 114,000 calories, to give 
1 equilibrium pressure measurable in our apparatus. Of sub- 
mces with known heats of oxidation, only silicon, boron, and 
anganese lie within this range. The only likely metals for which 

K* 2 
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the heats of oxidation were unknown, and which were readih 
obtainable, were vanadium, tantalum, and chromium. 

Apparatus. — The furnace, which has been described by g] a< j 
(Proc. Boy. Soc., 1912, [-4], 87 , 519), consists of a platinum tube 
2 cm. in diameter heated by a current of 300 to 400 amperes at 
2 to 4 volt-a. The furnace is placed in a vessel which can he ex- 
hausted to prevent the platinum tube from collapsing under the 
pressure of the atmosphere. A silver capillary tube is used to 
connect the furnace with the glass tube leading to the pressure 
gauge. The temperatures were determined by means of a 
platinum platinum (90 per cent.)-rhodium (10 per cent.) thermo- 
couple. • The couple was calibrated up to the melting p 0 ^ 
of copper, 1083°, and higher temperatures were determined hv 
extrapolating by means of the formula 

log e = l*22 log t — 2-65, 

where t is expressed in degrees centigrade and e in millivolts. The 
cold end of the couple was kept at 0°. 

It was found to be impossible to use a platinum boat for any 
of the substances investigated, for although the temperatures were 
well below their melting points, they were rapidly alloyed with 
platinum. Accordingly, boats of unglazed Royal Berlin porcelain 
were employed. 

Pressures tfere read on a mercury vacuum manometer, behind 
which was a glass millimetre scale illuminated by a lamp and a 
milk -glass' screen. The readings were made with a telescope, and 
were accurate to ±0*05 mm. 

The carbon monoxide was prepared by running pure formic add 
into concentrated sulphuric acid at 70 — 80°. The gas, which was 
first passed through a long tube of soda-lime and then through a 
similar tube of phosphoric oxide, was collected and stored over 
mercury in a vessel of 1 litre capacity. 

The gas was led from the reservoir to the furnace and pressure 
gauge by means of a tube, in which were placed two taps separated 
by a capillary tube of sucb dimensions that the volume between 
the two taps was 0'2 c.c. By filling this tube with carbon mon- 
oxide at the ordin yry temperature, then closing one tap and open- 
ing the other, 0*2 c.c. of carbon monoxide was allowed to flow into 
the exhausted furnace and the tubes connecting the furnace to the 
gauge and pump. The total volume of this part of the apparatus 
was about 50 c.c., and when the furnace was heated to about 
1200°, its effective volume was about 30 c.c., so that the introduc- 
tion of 0’2 c.c. under a pressure of one atmosphere caused a n?e 
0*2 

of pressure of -^-atmosphere, or about 5 mm. of mercury. 
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In most of the experiments, OT gram of the metal under investi- 
gation was introduced into the boat That this was sufficient may 
| l6 seen from the following considerations. 

If the reaction is 

M i CO “MO | C, 

where M is two equivalents of an element, then two gram-equi- 
valents of the element would react with 22,400 c.c. of carbon mon- 
oxide. If the pressure in the furnace was 60 mm,, which was the 
maximum pressure used in several cases, the volume of gas con- 
tained in the furnace was 2*4 c.c. when measured at N.T.P., there- 
2’4 

fore to absorb all this gas, 2=2*2 x 10" 4 gram-equivalent 

)f the element would be required. If the equivalent were as great 
j S 100, only 0-02 gram would be required. The metal was usually 
broken into small pieces, as the velocity of the action must be 
proportional to the surface exposed. 

Experiments with Vanadium . — As vanadium is a very refractory 
substance and is difficultly reducible (that is, the oxide has a high 
heat of formation), it was decided to attempt to measure the reduc- 
tion equilibrium. 

Some preliminary experiments were made on the action of 
vanadium on platinum and the melting point of vanadium. The 
vanadium was placed, in very small pieces (about O' 5 mm. in 
diameter and less), on a platinum strip which was heated in an 
atmosphere of hydrogen by an electric current. At 1400°, the 
vanadium adhered to the strip when the heating had been carried 
on for some three minutes. The temperature was determined by 
means of a Wanner pyrometer, correction being made for black- 
body radiation of the platinum. In another experiment, the strip 
was dusted with powdered vanadium and heated rapidly until it 
fused at one point. Examination under the microscope showed 
that the vanadium had then fused into globules just round the 
portion of the strip which had fused. The melting point of this 
vanadium is therefore just below the pelting point of platinum, 
namely, 1760°. The vanadium had been prepared in the electric 
furnace, and contained 4'G per cent, of carbon. The carbon prob- 
ably exists as the carbide, VC, and may be present in solid solu- 
tion, although the fact that so much carbon is present makes it 
seem probable that the carbide exists as a separate phase. 

Experiments. — 0*0636 Gram of the metal was placed in an un- 
glazed porcelain boat in the platinum tube furnace. The furnace 
was exhausted and left for sixteen hours, when no rise of pressure 
ttas noticeable, The temperature was raised to 1000°, and the 
wduded gas from the boat pumped off; 0'2 c.c. of carbon mon- 
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oxide was then admitted, and this raised the pressure to 6 mm 
at which it remained. Therefore the equilibrium pressure ^ 
greater than this, or the velocity of reaction at this temperature 
was very small. The latter was found to be the case, for when 
the pressure of carbon monoxide had been increased to 60 mm 
there was still no reaction. The temperature was then raised to 
1340°, and maintained at this temperature for four and a-half 
hours. During this time, the pressure fell at first rapidly, and 
finally became steady at 1*7 mm. The temperature was then 
reduced to 1145°, where it was maintained for thirty minute?, 
The pressure fell rapidly t-o 0*55 mm., where it remained constant. 
The temperature was then lowered to 900°, when the pressure fell 
only to 0*2 mm. 

On the following day, the furnace was heated to 1340° and the 
temperature kept constant. In one hour the pressure rose to 
1*2 mm., at which it remained constant for three and a-half hours. 

The equilibrium pressure at 1340° was therefore between 1? 
and 12 mm. The mean of these values is 1*45 mm. At lower 
temperatures, the equilibrium was attained too slowly to be deter- 
mined. 

The reaction is probably 

VO + VC — >■ 2V + CO + Q. 

The value 

p c = atm. at 1340° 

gives, by the Nernst heat theorem, the value 
Q 0 = 80,875 cals. 

Substituting this in equation (5), we find that 
p co =l atmosphere at 1827°. 

This is the temperature at which vanadium oxide would be reduced 
by the carbide under a pressure of one atmosphere. 

There is no direct evidence as to the heat of formation of 
vanadium carbide, that is, of the reaction 

' V + C-^VC, 

but usually the heats of formation of carbides are small (Wartem 
berg, Zritsch. anorrj. Chem.j 1907, 52, 299), that is to say, not 
greater than 2000 — 3000 calories per gram-atom of carbon, h 
this heat of formation of the carbide is neglected, an approximate 
value of the heat of oxidation of vanadium at 20° can be obtained: 


V + 0-VO + 111,000 cals. 
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Not much trust can be placed in this value, however, for the carbide 
may be in solid solution in the metal and not as a separate phase. 

Experiments with Tantalum. — The tantalum used was a portion 
of a specimen* obtained from the late Dr. Werner von Bolton, and 
used by von Hevesy and Slade to determine the electrode potential 
of tantalum. It was in the form of a rolled sheet about 0*25 mm. 
thick. As only a small quantity of the metal was available, 0035 
arain was used in each experiment. If the tantalum was oxidised 
to the oxide, Ta,0, this metal would absorb 3‘5 c.c. of carbon 
monoxide. In the first experiment with tantalum, the metal was 
in the form of one piece of sheet. At 1000°, 2 c.c. of carbon 
monoxide were admitted (p=6Q mm.); the pressure fell, and in 
two hours became constant at 0*7 mm. The temperature was then 
raised to 1200° and 0*6 c.c. of carbon monoxide was admitted, so 
that the pressure was raised to 14 mm. As the pressure did not 
fall, more carbon monoxide was admitted until the pressure was 
40 mm., but there was still no action. The furnace was therefore 
exhausted, but no appreciable rise in pressure took place in two 
hours. It therefore seemed probable that the constant pressure of 
0*7 mm. obtained at 1000° was not a true equilibrium pressure, 
but that the equilibrium pressure, even at 1200°, was very low 
indeed. 

In the next experiment the same quantity of metal was used, 
but it was cut into as many strips as possible, in order to increase 
the surface. After pumping out all gases from the boat at 1150°, 
0*4 c.c. 4 pf carbon monoxide was admitted, so as to raise the pressure 
to about 13 mm. In half an hour the pressure fell to 0’2 mm., 
and then became constant, and remained so for half an hour. 
An attempt was now made to reach the equilibrium from the low 
pressure side. The furnace was exhausted and the temperature 
was raised to 1270°. In four hours the pressure rose slightly 
above O'l mm. (perhaps 0*12 mm.), and remained constant for 
about three hours. Carbon monoxide (about 0*1 c.c.) was then 
admitted to raise the pressure to 2*5 mm., and in one hour the 
pressure fell to 0*1 mm. This value is therefore the equilibrium 
pressure at 1270°. 

It was impossible to determine the equilibrium at a higher 
temperature, because at this stage of the work the platinum tube 
had become weakened and slowly collapsed when kept exhausted 
for several hours at 1270°, although the external pressure on the 
tube was only 30 — 40 mm. of mercury. 

Experiments with Chromium . — The temperature of reduction of 
chromium sesquioxide was determined by Greenwood (T., 1908, 93 , 
1438), who found that this oxide was reduced at 1195° under a 
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pressure of S mm. The boiling point of chromium is 2200° (Green, 
wood), and from this value the vapour pressure of liquid chromic 
can he calculated to be 0'07 mm. at 1000°, 0-078 mm. at 1100° 
0*7 mm. at 1200°, and M2 mm. at 1300°. It was therefore no {, 
safe to heat chromium to a much higher temperature than 1200° 
in the platinum furnace. 

The chromium had been prepared by the Goldschmidt method, 
and therefore contained a trace of aluminium. As aluminium h 
easily and completely oxidised by carbon monoxide, it is probable 
that it would only have a very slight influence on the equilibrium. 

0-45 Gram of metal, in the form of a coarse powder, was used 
in the first experiment. The furnace was heated to 936°, and all 
adsorbed gases were pumped out. Carbon monoxide was then 
admitted until the pressure was 100 mm. In nine and a-half 
hours tHe pressure fell to 22 mm,, but did not appear to be 
approaching a steady value. After remaining for eighty-five hours, 
the furnace was heated to 1010° and carbon monoxide admitted 
until the pressure was 50 mm. In six hours the pressure fell to 
0*75 mm., and appeared to be constant. After eighteen hours, the 
temperature was raised to 1292°, and carbon monoxide admitted 
until the pressure was 63 mm. In forty-five minutes the pressure 
fell to 6*2 mm., and remained constant. Carbon monoxide was 
then pumped out until the pressure fell to 5 mm, In fifteen 
minutes the pressure rose to 6*2 min., and remained constant. The 
temperature was then raised to 1339°, and in twenty-five minutes 
the pressure had risen to 9'1 mm., and become constant* The 
furnace was then cooled, and next day was heated to 1339°. In 
twenty minutes the pressure rose to 9 2 mm. The furnace was 
now cooled to 1292°, and carbon mouoxide was pumped off until 
the pressure was less than I mm. In an hour the pressure became 
constant at 4*4 inm. The furnace was cooled, and the next day 
was heated to 1292°; the pressure rose to 4 '4 mm. Carbon mon- 
oxide was then admitted until the pressure was S‘6 mm. In forty- 
five minutes the pressure fell to 4*4 mm. The temperature was 
now raised to 1339°, when the pressure rose to 9*2 mm, In the 
figure are given some of the time-pressure curves obtained. These 
show how accurately the results could be reproduced. 

A new sample of chromium (0*45 gram) was now introduced into 
the furnace, and the temperature was raised to 129 2°, carbon mon- 
oxide being admitted until the pressure was 15 mm. In twenty 
minutes the pressure fell to 6’ 2 mm., and remained constant at 
this value for one hour. The temperature was then raised to 
1339°, and the pressure rose to 9T mm., but the platinum tube 
began to leak, owing to its being attacked by the chromium, which 
bad distilled on to it during this and former experiments. 
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Table II shows the values for the equilibrium pressure obtained 
with chromium. All these equilibrium pressures were obtained 
twice from each side. The high value at 1292° is the value 
obtained when the furnace had not been raised to a higher tempera- 
ture After the temperature had been raised to 1339° and lowered 
again to 1292°, the equilibrium pressure was 4*4 mm., and this value 
could be obtained again and again. Since chromium easily forms 
a carbide, it is probable that the reaction taking place was 
5Cr + CO ^ Cr 4 C-i CrO v Q. 



Calculating the heat of reaction per gram-atom of oxygen at 1315° 
from the Nernst formula and the vau’t Hoff formula, the values 
given in table II are obtained. 


Table II. 


Pressure of 


• 

carbon monoxide 

Q r calculated, 

Temperature. 

in mm. 

Nernst. 

1292° 

6-2 

73,600 

1339 

9-2 

G9,200\ 

1292 

4-4 

69,200 / 


Q { calculated, 
van*t Hoff. 


77,000 


The value 71,000 calories is the heat of reaction calculated from 
the integrated form of the van't Hoff equation, 

&=* -4-571 (log P -2 — logih) ■ 

x 2“ -M 

In this method of calculating Q t , an error of 0*1 mm. in the deter- 
mination of the equilibrium at 1292° would make a difference. of 
a little more than 1000 calories in the value of Q* The assump- 
tion on which this formula is based, however, is only that the heat 
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of reaction does not change appreciably between the two tempera, 
tures. That two different values were obtained for the equilibrium 
at 1292°, according to whether the furnace had been heated up to 
1339° or not, must be explained by supposing that the substances 
in equilibrium were different in the two cases. It is very improb. 
able that the first value is due to the presence of a trace of 
aluminium in the metal, for the presence of aluminium would be 
expected to lower rather than to raise the equilibrium pressure 
and in the two experiments in which the pressure was 6‘2 nnu 
very different amounts of carbon monoxide had been absorbed by 
the same amount of metal. In the first experiment, 6 — 7 c.c. of 
carbon monoxide, and in the second case only 0*6 c.c., were 
absorbed. 

The equilibrium in the gas phase is represented by 
=s JC , 

Pui6tnl 

The change in the system caused by raising the temperature to 
1339° was to give a lower equilibrium pressure at 1292°, and this 
must be due to (1) increase in the partial pressure of chromium, 
(2). lowering of the partial pressure of the carbide, or (3) lowering 
of the partial pressure of the oxide. 

Case (1) might be caused by the existence of a transition point 
of chromium between 1292° and 1339°. At first, the metal is in 
the a-fonn, stable at lower temperatures; on heating, the metal 
would change to the other, or j3-form, and on cooling to 129: 
would not revert to the a -form, but remain in the unstable jS-form, 
which would have a higher vapour pressure than the a-form. 

Case (2) might be caused by the formation of an unstable carbide 
in the first instance, which on heating to 1339° changes into the 
stable form. On cooling now to the lower temperature, the un- 
stable carbide is not formed in the presence of the more stable one. 

Cas© (3) might be caused by the chromium oxide combining with 
the silica in the boat to form a silicate, hut this reaction should 
not be different after the furnace had been raised to the higher 
temperature. The first explanation seems the more probable. 

This investigation was carried out in the Muspratt Laboratory 
of Physical Chemistry, University of; Liverpool. 

British Photographic Research Association Laboratory. 

[Received, February 14$, 1919.] 
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Ordinary Scientific Meeting, Thursday, June 5th, 1919, at 
8 p.m., Sir James J. Bobbie, D.Sc., F.R.S., President, in the 
Chair. 

The President referred to the loss sustained by the Society 
through the death of the following Fellows: 

Elected . Died- 

Thomas Fairley May ISth, 1865. Feb. 21st. 

James Baird MacLachlan May 4th, 1916. May 25th. , 

Sir Boverton Redwood, Bart Jan. 18th, 1866. June 4th. 

Messrs. S. J. Hopkins, G. A. R. Kon, F. T. Stevenson, N. Singer, 
and H. G. Tribley were formally admitted as Fellows of the 
Chemical Society. 

Certificates for election were read for the first time in favour of : 

William Barnes, 29, Conway Road, Luton. 

Frank Leslie Barrett, 46, Grantham Road, Horton, Bradford. 

Harold Ward Dudley, 10, Lanark Mansions, Maida Vale, W.9. 

Herbert William Gorbold, 45, Falmouth Avenue, Highains Park, E.4. 
Sampson Manson Hing, Y.M.C.A., Tottenham Court Road, W.l. 

Clive Newcomb, B. A., M.B., B.Ch., 48, Leigbam Court Road, Streatham, 
S.W.16. 

Isaac Sklar, 29, Clark Street, Stepney, E.l. 

Colin Everett Spearing, Winslade, Eversfield Road, Reigate. 

Ernest Edward Wallen, 8, Glade Street, Bolton. 

Arthur Charles Vincent Weston, 24, Belsize Park Gardena, Hampstead, 
N.W.3. 

Harold Bishop WilliamB, 6, Hamlet Road, Upper Norwood, S.E.19. 
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The following papers were read: 

“ Aii isotonic (isosmotic) apparatus for comparing molecular 
weights. Part I ” By P. Blackman. 

“The ‘active substance’ in the iodination of phenols.” By Y. 
Cofman. 

“The chemistry of the glutaconic acids. Part XI. The occur- 
rence of 1 : 3-addition to the normal form/’ By J. P. Thorpe. 
“The formation and reactions of imino-compounds. Part XIX. 
The chemistry of the cyanoacetamide and Guareschi condensa- 
tions.” By G, A. R. Kon and J. F. Thorpe. 


Ordinary Scientific Meeting, Thursday, .Tune 19th, 1919, at 
8 p.m., Sir James J. Dobbie, D.Sc., F.R.S., President, in the 
Chair. 

The President referred to the loss sustained by the Society, 
through death, of the following Fellows: 

Elected. Died. 

Samuel Godfrey Hall Feb. 16th, 1899. June 9th. 

Walter Parker Feb. 5th, 1917. April 15th. 

James Fleming Stark Dec. 15th, 1870. June 13th. 

It was announced that a communication had been received from 
the Committee of the Van’t Hoff Fund for the endowment of 
research in pure and applied chemistry. The amount from this 
fund available for distribution during 1920 is about £140. 

A Committee, consisting of Professor A. F. Holleman (Presi- 
dent), Professor S. Hoogewerff, Professor A. Smits, and Professor 
E. H. Buchner (Secretary), has been appointed to award grants. 
Applications should be sent before November 1st, 1919, by regis- 
tered post, to “ Het Bestuur der Koninkklyke Akademie van 
Wetenschappen : besterad T ^or de Commissie van het ‘Van’t Hofif- 
fonds’ Trippenhuxs, Kloveniersburgwal, te Amsterdam,” Every 
applicant is requested to submit a detailed account of the manner 
in which he proposes to expend the grant and to state the reasons 
for which he makes his application. 

Papers embodying the results of the research may be published 
in any journal, but acknowledgment must be made of the source 
of the grant. Copies of papers containing the results of the 
research must be forwarded to the Committee. 
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Certificates were read for the first time in favour of : 

Lawrence Eversley Campbell, B.Sc., 5, St. Matthew’s Avenue, Surbiton. 
Alan Ernest Gardiner, 21, Chestnut Road, W. Norwood, S.E.27. 

Robert Grant, 24, Edward Street, Woollalua. 

John Knaggs, B.Sc., South Street, Bridlington. 

Charles Rose, B.Sc., 603, Chorley New Road, Horwich. 


Certificates have been authorised by the Council for presentation 
to ballot under Bye-law I (3) in favour of : 

Douglas Coghill, Kuala Lumpur, F.M.S. 

Charles Edward Simithraarafrehy, B.Sc., Trinity College, Kandy, Ceylon. 


Messrs. H. E. Annett and A. J. Chapman were elected 
Scrutators, and a ballot for the election of Fellows was held. The 
following were subsequently declared duly elected as Fellows; 


Donald Bagley. 

Edgar Beard, B.Sc. 

Wilfrid Andrews Bell. 

.ilf red Randolph Campbell. 

Algernon George Crossley. 

Ananda Kishore D&s, M.A., B.Sc. 
Manik Lai Dey, M.Sc. 

Philip Drinker, B.S. 

JohnMouson Errington. 

Archibald Wooster Frame. 

John William Gardom. 

Robert Stephen Glennie. 

Cecil Godfrey. 

Sidney Herbert Hadfield. 

Harry Harper, B.Sc. 

Herbert Rollings Jacques, B.Sc. 
Louis Charles Kemp. 

Herbert Joseph Seymour King, B.Sc. 
Cyril Henry Stanley Kipping, M. A. 
Morvan Lapworth, B.Sc. 

.Alexander Douglas Macallum, B.A, 
Ernest Neil Macallum. 


Denis Madden. 

Owen Leonard Maund. 

Brian Mead. 

Rustom Jeejeebhoy Mistri. 

Charles Jean Stanislas Van Over- 
straeten. 

Arthur Pinkerton. 

Sidney Owen Rawling, B.Sc. 

J ohn David Smith. 

Sidney Albert Lewis Smith. 

Cyril Richard William Stephenson, 
M.Sc. 

Arnold Teichfeld. 

Harold Toms. 

Dudley Cloete Vining. 

Edward John Wall. 

William Wardlaw, M.Sc. 

Ernest Edward Whale, B.Sc. 

David Wingate. 

Arthur Samuel Wood, B.Sc. 

Thomas Thorne Wood. 

George Ernest Yarrow, B.Sc. 


The meetiug was then adjourned and the Informal Meeting 
declared open. 
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THE LIBRARY. 

The Library will be closed for Stocktaking from Monday, 
August 11th, until Saturday, August 23rd, 1919, inclusive. 


LIST OF FELLOWS, 1919. 

The List of Fellows for 1919 is now in active preparation, and 
changes of address received after July 31st cannot be included 
in it. 

In order that the new list may be as complete as possible, those 
Fellows whose degrees and Christian names do not appear in full are 
requested to communicate them to the Assistant Secretary. 


ADDITIONS TO THE LIBRARY. 

I. Donations. 

A tack, Frederick William, and Whinyates, Leonaed 
[Editors]. The Chemists’ Year Book, 1918—19. 2 vols. London 
1919. pp. 1146. 15$. net. {Reference.) 

From the Publishers: Messrs. Sherratt and Hughes. 

Findlay, Alexander. Osmotic pressure. 2nd edition. London 
1919. pp. xi + 116. ill. 6$. net. (Reed. 3/6/19.) 

From the Publishers: Messrs. Longmans, Green and Co, 

Richardson, Clifford. Papers on asphalt and asphalt pave- 
ments. (Together with one by E. C. Pailler on The differentia- 
tion of natural and oil asphalt.) 1912 — 1917. (Reference.) 

From the Author. 

Senter, GeorcA Outlines of physical chemistry. 7th edition 
London 1919, pp. xx + 432. ill. 6$. net. (Reed. 13/6/19.) 

From the Author. 

— —A text-book of inorganic chemistry. 5 th edition. London 
JIM 9. pp. x+621. ill. 7s. 6 d. net, (Reed, 13/6/19.) 

From the Author. 

II. By Purchase. 

Abraham, Herbert. Asphalts and allied substances: their 
occurrence, modes of production, uses in the arts and methods of 
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testing. New York 1918. pp. xxv + 606. ill. 25s. net. (Reed. 
27/5/19.) 

Beilstein's Handbuch der Organischen Chemie. Heraus- 
gegeben von der Deutschen Chemischen Gesellschaft, bearbeitet 
von Bernhard Pragek und Paul Jacobsen. Vol. I. Aeyclische 
Kohlenwasserstoffe, Oxy- und Oxo-Verbindungen. 4th edition. 
Berlin 1918. pp. xxxv + 983. (Two copies.) 

Brachvogel, John K. Industrial alcohol, its manufacture and 
uses. Based on Dr. Max Maereker's “Introduction to distilla- 
tion." With special chapters by Charles J. Thatcher. New 
York 1907. pp. xii + 516. ill. 18s. net. (Reed. 21/5/19.) 

Lewes, Vivian Byam. The carbonisation of coal. A scientific 
review of the formation, composition and destructive distillation of 
coal for gas, coke and by-products. With an addition on recent 
developments by Alfred Broadhead Searle. London 1918. pp. 
xiv+287. ill, 12s. 6 d. net. (Reed. 6/6/19.) 

Oil, PaiIjt and Drug Reporter. Vol. 95, etc. New York 
1919 + . ( Reference .) 

Parry, Ernest John. The chemistry of essential oils and 
artificial perfumes. Vol. 2. 3rd edition. London 1919. pp. 
yiii] + 344. ill. 17*. 6d. net. (Reed. 16/6/19.) 

Smith, G. Carlton. Trinitrotoluenes and mono- and di-nitro- 
toluenes: their manufacture and properties, London 1918. pp. 
vii+133. 8*. 6 d. net. (Reed, 15/5/19.) 

Trotman, Samuel Russell, and Thorp, E. L. The principles 
of bleaching and finishing of cotton, 2nd edition, revised. 
London 1918. pp. xii + 347. ill. 21s. net. (Reed. 14/5/19.) 

Van Nostrand's Chemical Annual. A handbook of useful data 
for analytical, manufacturing, and investigating chemists, chemical 
engineers, and students. Fourth issue, 1918. Edited by John 
C. Olsen and Maximilian P. Matthias. London 1918. pp. 
xviii + 778. 15*. net. (Reference.) 


III. Pamphlets. 

Reilly, Joseph. Industrial alcohol. Lecture delivered before 
the Royal Dublin Society, 19th Feb., 1919. Dublin 1919. pp. 36. 

Scientific and Industrial Research, Department of. First 
report of the Mine Rescue Research Committee. London 1918. 
PP- 55. ill. 

Stansfield, Alfred. The commercial feasibility of the electric 
smelting of iron ores in B.C. (Bull. No. 2, Brit. Columbia, Dept. 
°f Mines.) Victoria 1919. pp. 95. 

Stewart, Alan West. The Crismer test for the detection of 
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foreign fat in butter, lard, <fc c. (From the J. State Med 1918, 
26.) 

Stopes, Marie C., and Wheeler, Richard Vernon. Monc^ 
graph on the constitution of coal. (Based on a paper read before 
the London section of the Society of Chemical Industry.) London 
1918. pp. 58. ill. 

Tilden, Sir William Augustus, Books on chemistry, (J9fir- 
mingham Reference Library Lectures,) London [1887]. pp. 
55 +ii. 

Washington, Henry S. Italian leucitic lavas as a source of 
potash. (From Met. and Chem , Engineering, 1918, 18.) 

White, Alfred H., and Rue, John D. Methyl alcohol and 
acetone as by-products of the soda pulp industry. (From Paper , 
1917, 19 .) 

Williamson, E. D. The effect of strain on heterogeneous equil- 
ibrium. (From the Physical Rev., 1917, 10 .) 
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XXV . — The Dissociation Pressures of some Nitrides. 

By Boland Edgar Slade and Geoffrey Isherwood Higson. 
Equilibria of the type 

2M + N 2 ^2MN, 

where M is three equivalents of a metal, have been investigated. 
In this system there are two components, namely, metal and 
nitrogen, and three phases, namely, metal, nitride, and nitrogen. 
The number of degrees of freedom is thus 2-|-2 -3-1, and there- 
fore at one temperature there is one pressure of the nitrogen which 
determines the equilibrium of the dissociation. If the nitride dis- 
solves in the metal as a solid solution, there are only two phases, 
and the number of the degrees of freedom is therefore two. The 
equilibrium will then be determined, not only by the pressure of 
the nitrogen, but also by the composition of the solid phase. 
Applying the Nernst heat theorem to the equilibrium 
M + }N 2 =MN + G, 

where is the heat evolved wheu half a gram-molecule of nitrogen 
combines with the metal, we have 

and 

«.= $o-3-5T f 

where and Q t , respectively, are the heats of reaction at absolute 
zero and some other temperature, T. As the heats of formation 
of the nitrides investigated were unknown, it is impossible to apply 
these equations to determine the value of but it will be seen 
that the pressure of nitrogen at 1127° would be 1 mm. if the heat 
of formation of the nitride were 70,600 cals, ami 60 mm. if the 
heat of formation were 59,000 cals. 

Experimental. 

The furnace used for the determination of the equilibria is 
described in the preceding paper. 

Nitrogen was prepared by heating a solution containing 
ammonium chloride, potassium nitrate, and potassium dicliromate. 
The dichromate served to oxidise any oxides of nitrogen to nitric 
acid, which was absorbed by passing the gas through a long tube 
of soda-lime. The nitrogen was then dried by passage through a* 
long tube of phosphoric oxide. 

The equilibria were determined by heating small quantities of 
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the metal to a known temperature, introducing nitrogen into tb 6 
furnace, and determining the value to which the pressure f e j| 
Nitrogen was then pumped out, and the equilibrium was determined 
from the low-pressure side. 

Vanadium . — This metal is known to form two nitrides, Vy 
and VN 2 . 

At 1203°, the equilibrium pressure was found to be slightly 1^ 
than 0*2 mm., and at 1271° slightly less than 1*5 mm. The equip 
ibrium pressure is somewhere near these values, but equilibrium 
was attained very slowly, and it w T as impossible to heat the platinum 
tube in use at that time to a higher temperature. 

Boron . — An attempt was made to determine the dissociation 
pressure of boron nitride at 1100° and 1240°. 

At 1100°, the velocity was too low for the equilibrium to be 
determined. At 1240°, the pressure of nitrogen fell from 26 *4 mm. 
to 9*4 mm. in six hours, and appeared to be approaching the con- 
stant value of about 9 mm., but the boron attacked the platinum 
tube and caused it to leak, so that further experiments could not 
be made. 

Tantalum . — Tantalum is known to form two stable nitrides, TaN 
and Ta 3 N 5 . In our experiments, it is probable that the lower 
nitride, TaN, was formed. 

When the metal was heated at 1170° in nitrogen under 15 mm. 
pressure, the gas was slowly absorbed until the pressure fell to 
0‘5 mm. The furnace was then exhausted to 0’05 mm. The 
pressure rose in two hours to *0’4 mm. 

In another experiment, at 1308°, the pressure fell from 9 mm, 
to 1*2 mm. in one and a-half hours, and remained constant for half 
an hour. The furnace was then allowed to cool. Next day it was 
completely exhausted, and again heated to 1308 01 . The pressure 
rose to 0'8 mm., and remained constant at this value for two hours. 


Summary of Results. 



Tempera* 

ture. 

Pressure of nitrogen. 

Heat of formation of nitride, 
that is, Q 0 , calculated from 
Nemst’s formula. 

Vanadium 

1203° 

Not greater than 0-2 mm. 
1 „ 1-5 „ 

70,200 cals. 


1271 

77,200 „ 

Boron . . . 

1222 

„ „ 9-4 „ 

About 09,000 „ 

Tantalum 

1170 

0 4 — 0*5 mm. 

74,700—76,600 cals. 


1308 

0-8— 1-2 „ 

79,900 — 82,800 „ 


This investigation was carried out in the Muspratt Laboratory 
of Physical Chemistry, University of Liverpool. 

British Photographic Research Association Laboratory. 

[Received, February 14$, 1919.J 
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XXVL— M’tro-, Arylazo and Amino-glyoxalines. 

By Robert George Fargher and Frank. Lee Fyman. 

This investigation was begun with the object of effecting the 
synthesis of purine derivatives by a method complementary to 
those which have been employed hitherto. In 'these, the 
pyrimidine nucleus is first built up and the glyoxaline ring closed 
subsequently. We proposed to prepare 4-aminogIyoxaline-5-carb- 
oxylic acid,* condense it with cyanic acid, and eliminate water 
with the production of xanthine. 


C0 2 H-C-NH 
NH 2 *C — N 


>CH 


NH, CKXH 

t 3 i 2 

CO O-NIL 
l n >011 

NH— U — N 


NH-CO 

►CO (3-NIL 

i . n 
NH-C— N 


Such a synthesis would be of interest in view of the suggestion 
that purine derivatives originate from histidine in the animal body 
(compare Hopkins, T., 1916, 109, 629). 

Although tho starting material for the proposed synthesis, 
4-aminoglyoxaline-5-carboxylic acid, was unknown, we did not 
anticipate that its preparation would offer any serious difficulty. 
We have, however, so far failed to obtain this substance, and now 
give an account of our attempts to prepare this and other amino- 
substituted glyoxalines. 

An account of the investigation may be subdivided under three 
headings: first, the preparation of the glyoxalines and their carb- 
oxylic acids, which were required as starting materials; second, 
the preparation and properties of nitroglyoxalines ; and last, the 
preparation and properties of arylazoglyoxalines. 

(1) The Preparation, of Glyoxalines and their Carboxylic Acids . 
—For the purpose of this investigation, it was necessary to prepare 
considerable quantities of glyoxaline-4 : 5-dicarboxylic acid, the 
most convenient source of glyoxaline. This acid was first prepared 
by Maquenne (Ann. chim. phys. } 1891, [vi], 24, 525), by mixing 
aqueous solutions of nitrotartaric acid and hexamethylenetetramine, 
adding ammonia, and allowing the mixture to become hot, and sub- 
sequently by Dedichen ( Ber. f 1906, 39, 1835), who replaced the 
hexamethylenetetramine by formaldehyde. We have carried out a 
large number of experiments on the best conditions for the pre- 


’ In glyoxalines containing a free imino-group, the 4- and fi -positions are 
equivalent. 
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paration of this acid, and find that to obtain a good yield it is 
essential that the reaction mixture should be kept cold. 

A number of experiments were carried out with the object of 
effecting the partial decarboxylation of glyoxaline-4 : 5-dicarboxyli c 
acid, and thus producing glyoxaline-4-carboxylic acid by a more 
convenient and economical process than that previously employed, 
where six operations arc required in its synthesis from citric acid 
through 4-hydroxymethylglyoxaline (T., 1911, 99, (568; 1916, 109 
186). When the acid is heated with water, 10 per cent, hydro- 
chloric acid, or concentrated hydrochloric acid, little decarboxyla- 
tion takes place below 180°, but above this temperature, the action 
proceeds more readily, glyoxaline being the main product, whilst 
a small proportion of glyoxaline-4-carboxylic acid can be isolated 
provided that the heating has not been too prolonged. When the 
acid is heated with an excess of concentrated ammonia at 180° to 
200°, the main product is glyoxaline,* and a similar result is 
obtained by heating the aqueous solution of the mono-sodium salt. 

The desired result can be obtained, however, by boiling the acid 
with aniline, when the anilide of glyoxaline-4-carboxylic acid is 
formed in a yield amounting to 45 per cent, of the theoretical. 
From this, the acid is readily prepared by hydrolysis. 


co 2 H’(>NH 

co,h-c~-n> ch 


PhNH-COC N 


CH-NEL fll _ 


CHNIL ri 
COjHC iK 111 ' 


For the purpose of orientation, it was necessary to prepare 
glyoxalinc 3 substituted in the 2-, 4:5-, and 2:4 : 5-positions. The 
2-alkylglyoxalines were prepared by suitable modifications of 
Maquenne’s methods. From 2-methylglyoxaIine-4 : 5-dicarboxylic 
acid, 2-met hylglyo.rali n c-A-auh o xylic acid was obtained through its 
anilide. 

As representatives of 4:5- and 2:4: 5 -substituted glyoxalines, 
4 : 5-dime thylglyoxaline and 2 :4 : 5-trim ethylglyoxaline were pre- 
pared by modification of known methods. 

(2) JYitrogly o xaJ i Ties . — The nitration of various glyoxalines has 
led to the formation raononitroglyoxalines in the hands of 
several observers. In some case? the nitro-group evidently enters 
the 4-(or 5-)position, since no other position is vacant; for instance, 
in the nitration of 2-methylthiol- 1-phenyl (and l-methyl)glyoxaline 


* We were unable to find any evidence of the formation of the inode 
of glyoxaline-4 : 5-dicarboxylic acid, from which the desired 5-aminoglyoxalinc- 
4-earboxyiic acid might have been obtained by the action of hypobromous 
acid. 
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/r, (Wohl and Marckwald, Her., 1888, 22, 568, 1353) and 2 : 4-di- 
methylglyoxaline (II) (Windaus, Bar , 1909, 42, 758): 


S^S c 'SMe 


ca- 


■tT 

(I.) 


CH-NH. 

UMe-K> CM " 

(II.) 


The orientation of the intro-group in nitroglyoxaline itself 
I'Rung and M. Behrend, Annalen, 1892, 271, 28; R. Behrend and 
Schmitz, ibid,, 1893, 277, 338) and in nitro-4-methyiglyoxaline has 
not been determined previously, but an indication that the latter 
contains the nitro-group in the 5-position is afforded by Windaus’s 
observation (i loc . cit.) of its close similarity to 5-nitro-2 : 4-dimethyl- 
glyoxaline. 

Moreover, whilst A^nitro^-methylylyoxaline is readily prepared, 
were unable to obtain a nitro-derivative of 4 :5-dimethyl- 
glyoxaline. for in this case part of the base was completely oxidised, 
whilst a considerable proportion remained unchanged, and the only 
isolable derivative was the nitrate of 4-methylglyoxalme-5-carb- 
oxylic acid, Which has been described by Gerngross (Ber., 1912, 
45, 509). 

The inability of a glyoxaline substituted in both the 4- and 
5-positions to form a nitro-derivative indicates that the nitro- 
glyoxalines contain the substituent in the 4-(or 5-)position. This 
view is confirmed by their behaviour on reduction. Wohl and 
Marckwald (loc. cit.) attempted to reduce the 4-(or 5-)nitro-2- 
methylthiol-l-phenyl-(and l-methyl)glyoxalines to the correspond- 
ing amines, but obtained only decomposition products, including 
methyl mercaptan. Similarly, we find that 4-nitro-2-methyl- 
glyoxaline undergoes fission on reduction with tin and hydrochloric 
acid, two of the three atoms of nitrogen in the molecule appearing 
in the form of ammonia.* Since precisely the same result is 
obtained with nitroglyoxaline and mtro-4-methylglyoxaline, whilst 
it is shown below that 2-aminoglyox alines are stable, it is clear that 
these nitro-derivatives are 4-nitrogly ox aline and 5-nitro •4-methyl - 
glyoxaline respectively. 

Before we had arrived at this conelusion, we were anxious to 
prepare some of the nitroglyoxaline-4-carboxylic acid, which 
Windaus and Opitz (Ber., 1911, 44, 1721) obtained by the action 
of boiling 25 per cent, nitric acid on 4-/8-hydroxyethylglyoxaline. 


* The first stage in the disintegration of the 4-aminoglyoxalines is probably 
the elimination of the amino -group as ammonia, with the formation of a 
glyoxalone, for certain members of the purine group— also derivatives of 
4-aminoglyoxaline — have been shown to undergo hydrolysis in this manner 
(compare, for instance, Tafel and Mayer, Ber., 1908, 41. 2546; Biltz, Ber., 
1910, 43, 1589). 
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These authors state that the yield of 4-jB-hydroxyethylglyoxali St 
obtained by the action of barium nitrite on 4-/3-aminoethyll 
glyoxaline hydrochloride, was so poor that the nitro-compound was 
not available in sufficient quantity for further study. It appear^ 
to us, however, that this nitro-compound might be obtained by tin 
action of nitric acid on other more readily accessible derivatives of 
glyoxaline containing a side-chain of carbon atoms in the 4-posi- 
tion, and in the first place we employed compounds containing 
two carbon atoms in the side-chains, like Windaus's starting 
material. The results were disappointing; 4-j8-aminoethyl- 
glyoxaline, when boiled with 50 per cent, nitric acid for nine 
hours, was mainly recovered unchanged, whilst 4-cyanomethy!- 
glyoxaline was converted under the same conditions almost quanti- 
tatively into glyoxaline-4-acetic acid. Attempts to nitrate 
glyoxaline-4-earboxylic acid and glyoxaline-4 : 5-dicarboxylic acid 
were likewise unsuccessful. The prospect of nitrating, 4-hydroxy, 
methylglyoxaline was not hopeful, for it has been shown previously 
(T., 1916, 109, 186) that hot concentrated nitric acid converts it 
into glyoxaline4-formaldehyde and glyoxaline-4 -carboxylic acid. 
It has now been found that the alcohol gives the same products 
when digested on the water-bath with fuming nitric acid, whilst 
it can be recovered almost quantitatively after boiling with ten 
parts of 25 per cent, nitric acid for four hours. On the other 
hand, the nitration of 4-hydroxymethylglyoxaline with nitric and 
sulphuric acids gave rise to a product which was not obtained in 
crystalline form, but further study of this was omitted in view of 
the peculiar behaviour of the simple nitroglyoxalines on reduction, 
(3) Arylazoglyoxalines . — The constitution of the arylazo-denv- 
atives of simple glyoxalines has not been settled hitherto. Rung 
and Behrend (Amalen, 1892, 271, 28), who first isolated benzene- 
azoglyoxaline, considered it to be a diazoimino-compound (I), 
because boiling acids decomposed it with the formation of nitrogen 


CH-N(N:NPh) 
CH IS 


>CH, 


(!■) 


and glyoxaline. Biudan (Aer., 1904, 37, 696), who prepared many 
arylazoglyoxalines from diazobenzene-p-sulphonic acid and various 
glyoxalines, adopted the same view of the constitution of these 
compounds on other grounds, namely, because all the glyoxalines 
substituted in some or all of the 2-, 4-, and 5-positions which be 
examined coupled with the diazonium salt, whilst 1 -substituted 
glyoxalines did not. Pauly ( Zeitsch . physiol. Cke?n., 1904, 42, 
508), however, pointed out the possibility that the arylaiu- 



KITRO-, ARYLAZfK AND AMINO-GLYOX ALINES. 221 


ilyoxaiines were true 6'-az^compounds (II) similar to those 
Obtained from pyrrole, and later (ibid., 1915, 94, 284) attributed 
the probable formula (III) given below to the compound obtained 
by the action of diazotised arsanilic acid on histidine, owing to ita 
stability towards acids. Whilst in the case of these simple 


ArNlN-C-NH. 
CHN 5 
(II.) 


>CH 


AsOjH. 
C0 2 H-CIT(NH 2 )’CH 2 ' 




(III.) 


glyoxalines the orientation of *the arylazo-group is uncertain, the 
constitution of the arylazopurineg is known, 'for Hans Fischer 
(Zeitsch. ■physiol . Ghent., 1909, 60, 69) has shown that the arylazo- 
group enters the 8-position of the purine nucleus — the 2-position of 
its tdyoxalile ring — by reducing arylazopurines to 8-aminopurines. 

In view of this result, it appeared to us probable that the 
arylazcnierivataves of simple glyoxalines were also C-azo-compounds, 
as Pauly suggested, and it was of interest to determine whether the 
arylazo-group entered the 2- or the 4 -position, and the nature of 
the products obtained on reduction. 

The benzeneazoglyoxaline of Rung and Behrend was first 
examined. By the method of these workers, it is obtained in poor 
yield, but by the action of benzenediazonium chloride on one mole- 
cular proportion of glyoxaline in an excess of aqueous sodium 
carbonate, it is readily obtained mixed with a little 2:4:5-fm- 
benzeneazoglyoxalinc. 2'Benzeueazoglyoxaline melts at 190° 
(corr.), and it is therefore evident that the specimen prepared by 
Rung and Behrend, melting at 177 -178°, was impure. The pure 
substance is reasonably stable towards boiling 10 per cent, hydro- 
chloric acid, for a considerable proportion can be recovered un- 
changed after two hours. 

The constitution of 2-benzeneazoglyoxaline (IV) was proved by 
reduction. With zinc dust and hot acetic acid, it yields aniline 
and glycocyamidine * (V), the formation of the latter showing that 
the benzeneazo-group is attached to the 2-position of the ring. 


CH-NW 

(IV.) 


CH 2 ’NH. 

CO-NH' 


:>c:nh+piiNh 2 

(V.) 


* The conversion of glyoxaline into glycocyamidine and 2-aminoglyoxaline, 
both derivatives of guanidine, is of biochemical interest, firstly, because 
creatinine is the JV-metkyl derivative of glycocyamidine, and secondly, on 
account of the similar behaviour of histidine and arginine in purine metabolism 
(compare Hopkins, loc. cit.). 
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This result is confirmed by the formation of a small amount 0 ( 
guanidine on the reduction of 2-benzeneazoglyoxaline with stanno^ 
chloride. In this reduction, a small quantity of 2 -aniinoglyoica}i nt 
is formed and some aniline, but the main product is ^-amino-^y 
aminophenylglyoxctlme (VI), a compound resulting from a change 
of the benzidine type. It is also formed in small proportion in ft, 
reduction with zinc dust and acetic acid. 


NFL 


CH*NFL ___ 
. CrH ,y_. N >C*NH. 2 


CH-NH 


(VI.) 


CH-NH V 

M ^ 

CH — N^ 


C fi H 5 *NH*C 

(VII.) 

o-nh*^h 4 *nh, 

(VIII.) 


>C-NH, 


Its constitution was proved by the oxidation of its diacetyl derin 
ative with potassium permanganate, when p-acetyla«Qinobcnzoic 
acid was formed. This result eliminated the possibility that the 
compound had one of the two formulas (VII) or (VIII), represent- 
ing substances formed by a change of the semidine type. The 
occurrence of a rearrangement of the benzidine type in a five- 
membered heterocyclic nucleus seems remarkable at first sight, but 
a closer inspection of the formula shows that the conjugated system 
connecting the 2* and 5-carbon atoms of the glyoxaline ring is 
similar to that existing in the benzene nucleus. 


Nll- 

NH 

C 

nh 2 

c*nh 2 

/\ 


'A 

N^\ 

1 

\/ 

ru\ > NH 

CH \/ 

v 

PH • 

Cf V 

Whilst no 

CH 

other case of 

the benzidine 

c 

type of change 


heterocyclic nucleus has been observed previously, so far as we are 
aware, Michaelis and Schafer ( Annalen , 1915, 407, 229) have 
obtained by the reduction of l-phenyl-3-methyl-4-benzeneazo* 
pyrazole (IX) the two isomerides (X) and (XI) which result from 
the two possible cb Jnges of the semidine type. 


NPh 


N CH 

n ii 

CMe'C'NINPh 

(IX.) 


NPh 


/\ 

N C'NHPh 
ii ii 
CMe-C-NH ? 
(X.) 


and 


NPh 
/\ 
ti n 11 

CMe-C-NH-C 6 H 4 -KH, 

(XI.) 


Owing to the formation of 2-amino-4'j>aminophenylglyoxaline 
in the reduction of 2-benzeneazoglyoxaline, the yield of 2-amiflo- 
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olyoxaline is small, so for the preparation of this substance the 
reduction of an arylazoglyoxaline containing a substituent in the 
ara-position of the benzene nucleus was undertaken. 

" ^ ^ romo lenzeneazoglyo£aUne is the main product of the inter- 
action of p-bromobenzenediazonium chloride^and glyoxaline in 
aqueous sodium carbonate, only a very small proportion of 
4 -p - bromobenzeneazoglyoxaline being formed. The reduction of 
^-pbromobenzeneazoglyoxaline with stannous chloride gave 
o.aminoglyoxaline in a yield of 56 per cent, of the theoretical, 
together with aniline, guanidine, some 2-amino-4-p-aminophenyl- 
fflyoxaline, and a small quantity of a base, C a H 0 N 4 Br, which is 
? rob ably 2-5 /_ bromo-^-aminnanilinoglyoxaline (compare p. 246). 

^ ^-Aminoglyoxaline is a monacidic base yielding crystalline salts, ^ 
but the free base has not been obtained in a crystalline form. 


CH-NH. 

I 1 Wo 

OH — hr 


CH*NH. 
m >CNFT 

(XIII.) 


For this compound, the tautomeric formulae (XII) and (XIII) 
are possible. The first is supported by the production of a red 
colour when the substance is mixed with sodium diazobenzene-p- 
sulphonate, and by the fact that, after treatment with nitrous 
acid, it couples with phenols. An indication that it can also react 
according to the formula (XIII)— which represents an unsaturated 
compound no longer containing the glyoxaline ring— is given by 
its behaviour towards permanganate, for 2-aminoglyoxaline and 
all the substituted 2-aminoglyoxalines described in this paper 
reduce cold aqueous acid potassium permanganate, and in this 
respect resemble the 2-thiolglyoxalines (compare T., 1911,99, 21 f 3), 
whereas glyoxaline and its homologues are stable to this reagent, 
although they reduce alkaline permanganate, giving green 
solutions. 

2-Aminoglyoxaline yields a monoa cetyl and a monobcnzoyl deriv- 
ative, which are stable to cold aqueous acid permanganate. 

2-Aminoglyoxaline does not combine with benzaidehyd© in acetic 
acid solution. Moreover, 2-amino-5-p-aminophenyl'4-methyl- 
glyoxaline (XVII) yields only a monobenzylidene compound under 
these conditions, doubtless 2-amino-5-p-benzylideneamiiiophenyl-4- 
methylglyoxaline. This behaviour, therefore, serves to differentiate 
between 2-aminoglyoxalines and homologues of aniline, and is 
employed later in the determination of constitution. 

The action of benzenediazonium chloride on 4-methylglyoxaline 
proceeded quite differently from its action on glyoxaline. Instead 
of the 2-substituted arylazo-compound being formed predominantly, 
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nearly equal quantities of 2-benzeneazo-i-met hylglyo^- 
b-bemeneazo-i-methylglyoxaline, and 2 : b-bisbenseneazo-A-metk) 
glyoxaline were obtained. The constitution of 2-benzeneazo-V 
methylglyoxaline (XIV) follows from the fact that it yields 
reduction with zinc dust and acetic acid, alacreatinine (XV) a 
compound previouty synthesised by Baumann ( Annalen , 

167, 83) by the elimination of water from a-guanidinomLirw’ 
acid (XVI). “ mc 


CMe-NlT 

tj H —N> C ‘ N:SPh 

(XIV.) 


CHMe-NH 

CO Nh > cnh 

* (XV.) 


CHMe-NH. 


' C0 2 H NH, 

(XVI. 


>c:nh 


This change is precisely similar to the formation of gl yco , 
cyamidine from 2-benzeneazoglyoxaline. 2-Benzeneazo-4-metL. 
glyoxaline behaves in the same way as 2-benzeneazoglyoxaline on 
reduction with stannous chloride, the principal product of the 
reaction being 2 - amino - 5 - p - amino phenyl - 4 - methylglyoxaline 
(XVII), a compound having similar properties to 2-anhno4.». 
aminophenylglyoxaline. 


NH,-C„U,-C-NH. , 

' HMe-N> C - NH * 

(XVII.) 


PhNIN-O-NIJ 

CMe*N 

(XVIII.) 


>CH 


The constitution of 5-benzeneazo-4-methylglyoxalnie (XVIII) 
could not be proved directly as in the case of the 2-isomeride. On 
reduction, aniline and a considerable amount of ammonia were 
formed, together with other products, which included a base. 
C 9 Hi 0 ON 2 (p. 254), when stannous chloride was employed as the 
reducing agent, and a base, C^HuON,* (p. 255), when zinc dust 
and acetic acid were used. The disintegration of the molecule 
indicated by the formation of ammonia is similar to that occurring 
in the reduction of the 4-nitroglyoxalines, and affords evidence that 
the constitution of the compound is represented correctly by the 
formula of 5-benze^yzo-4-methylglyoxaline. The formula is sup 
ported by the fact that the compound is soluble in dilute aqueous 
sodium hydroxide, which indicates that the imino-group is unsub- 
stituted, Moreover, it is fairly stable towards boiling dilute acids. 
Its properties are not therefore in accord with those of a compound 
represented by the alternative formula, l-benzeneaza-4-niethyl- 
glyoxaline. 

That aryldiazonium salts are capable of substituting the 4-posi- 
tion of the glyoxaline ring follows from the reduction of 2-phenyl 
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^IromobenseneazoglpoxaUne, C 15 E u N 4 Br, for a compound^ 

C -H 13 N 4 Br, is produced, which is evidently derived from the corre- 
sponding hydrazo-compound by a change of the semidine or benz- 
idine type (compare p. 257). . 

The polyarylazoglyoxalines — 2 : 4 : 5-triBbenzenea2oglyoxaline and 
2 : 5-bishenzeneazo-4-methylglyoxaline— are insoluble in dilute 
mineral acids, and are decomposed on boiling with 10 per cent, 
hydrochloric acid. Nevertheless, we regard them as (7-azo-com- 
pounds, because they are soluble to some extent in aqueous sodium 
hvdroxide. In the case of the second compound, we have estab- 
lished the fact that it is precipitated unchanged from its solution 
in aqueous sodium hydroxide by means of acetic acid. The fact 
that the number of arylazo-groups in the polya rylazo-compounds 
corresponds with the number of nuclear methine groups in the 
parent glyoxaline points in the same direction, 

The interaction of glyoxaline-4 : 5-dicarboxylic acid and diazo- 
benzene-p-sulphonic acid was studied by Burian (loc. cit.), who 
found that carbon dioxide was liberated, and described a product 
forming yellow needles or red, microscopic prisms which gave on 
analysis results indicating that it was a compound derived from one 
molecular proportion of diazobenzene-p-sulphonic acid and one of 
glyoxaline - 4 - carboxylic acid, B0 3 H , C 6 H4‘NIN*C 3 H 2 N 3 , C0 2 H. 
Burian regarded this as a 1 -substituted arylazoglyoxaline, but we 
thought it more probable that the arylazo-group had displaced a 
carboxyl group in the 4 -(or 5-)position, and that the compound was 
5-^-sulphobenzeneazoglyoxaline-4-carboxylic acid (XIX). 

SOoH'C fi H/N:N’C’NH MTT 
CO s H-b-N> CH 
(XIX.) 

This compound would yield 5-aminoglyoxaline-4-carboxyiic acid 
if a suitable method of reduction could be found, and we there- 
fore attempted to repeat its preparation, but were unable to do 
so. We can confirm Burian’s statement that carbon dioxide is 
liberated in the reaction, but find the yield of this to be only about 
40 per cent, of the theoretical, much less than he states. More- 
over, we have isolated in a yield of about 30 per cent, of the 
theoretical the condensation product of diazobenzene-p-sulphonic 
acid and glyoxaline-4 : 5-dicarboxylic acid, namely, 2-p -sulpho- 
benzeneazogl't/oxalineA :d-dicarboxylic acid (XX). No other 
definite compound could be isolated from the reaction mixture, and 
^ appears to us that the compound described by Burian was prob- 
ably a nftxture of our acid with its sodium salt. 

2‘p-Sulphobenzeneazoglyoxaline-4 : 5-dicarboxylic acid yields on 
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reduction with sodium hyposulphite, sulphanilic. acid and 
glyoxaline-4 . : b-dicarboxylic add (XXI). 


CO„H*ONH. 


M_>c-k:n-c 6 h 4 -so 3 h 

(XX.) 


CO.H-ONH 


(XXI.) 


J-NH, 


With the object of eliminating the elements of carbon dioxide 
this acid was heated with water for twelve hours at 170°, when 
carbon dioxide and approximately one molecular proportion of 
ammonia were liberated, but no other fission product could be 
identified. On the other hand, when boiled with aniline for ? j x 
hours, it gave a quantity of 2-aminoglyoxaline. 

Whilst we were unable to isolate 5-p-sulphobenzeueazo- 
glyoxaline-4 -carboxylic acid (XIX) from the products of the inter- 
action of diazobenzene-p-sulphonic acid and glyoxaline-4 : 5 diearb- 
oxylic acid, the liberation of carbon dioxide indicates that sub- 
stitution in the 4-(or 5-)position takes place to some extent. More- 
over, we can confirm the fact that 2-methylglyoxaline-4 : 5-dicarb- 
oxylic acid couples with sodium diazobenzene-p-sulphonate in 
aqueous sodium carbonate. 

On the other hand, 2 :4:5-trimethylglyoxaline (XXII), which 
contains a free imino-group but no other hydrogen atom attached 


CMe-NEL „ 
tke-S> CMe 
(XXII.) 


to the nucleus, does not couple with sodium diazobenzene-p 
sulphonate. Further, a striking difference is exhibited between 
the facilities with which 2-amiuo-4-p-aminophenylglyoxaline (VI) 
containing a displaceable hydrogen atom in the glyoxaline nucleus 
and its methyl homologue (XVII) react with sodium diazobenzeue- 
p-sulphonate in aqueous sodium carbonate. The first gives the 
characteristic intense cherry-red colour immediately, whilst the 
second gives a pale orange colour which deepens on keeping, and 
is probably due to the participation of the aminophenyl group. 

On reviewing these results and those of previous investigators, it 
appears to us that ^lyoxalines, in order to be capable of coupling, 
must contain a free imino-group and also a hydrogen atom, or some 
other displaceable group, such as the carboxyl group, in one of the 
2-, 4-, or 5-positions, and that the arylazoglyoxalines hitherto pre- 
pared are G T -azo-corapounds. 

The literature of the arylazoglyoxalines contains one possible 
exception to this generalisation — the compound (orange needles 
melting at 120 — 122°) described by Burian {loo. cif.) as having 
been obtained by the action of diazotised benzidine on 2-thiol-4:5* 
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^ipkeuylglyoxaline. Sine© we found that 2-thiol-4 :5-dimethyl- 
crlyoxaline and 2-thiol4 :5-diphenylglyoxaline only gave pale orange 
colorations with sodium diazobenzene-p-sulphonate, we repeated 
Burian's preparation. We failed, however, to confirm his results, 
but isolated from the product, as main constituents, much un- 
changed 2-thiol-4 :5-diphenylglyoxaline and a reddish-brown, 
amorphous compound, melting and decomposing above 200°, which 
from its low nitrogen content (5 5 per cent.) and the ratio of 
nitrogen to sulphur (2 : 1) could not have been an arylazo-derivative 
derived from 2-thiol-4 :5-diphenylglyoxaline. 

Experimental. 

Part L Glyoxalines and their Carboxylic Acids . 

Preparation of Glyoxaline-4: \ b-d tear boxy he Acid. 

Twenty-five grams of finely powdered tartaric acid are dissolved 
in 108 c.c. of’ nitric acid (D 1*5), and 125 c.c. of sulphuric acid 
are added. The mixture, which attains a temperature of about 
40°, soon begins to deposit crystals, and is kept for three to four 
hours in a cocl place. The nitrotartaric acid is collected, washed 
with 50 per cent, sulphuric acid, drained on porous porcelain, and 
stirred immediately with 150 grams of powdered ice until dissolved, 
when the temperature falls to —5°. 

The liquid is immersed in a freezing mixture, and 100 c.c. of 
aqueous ammonia (D 0*880) are added gradually, the temperature 
beiug kept below 0°. Then 50 c.c. of 40 per cent, aqueous form- 
aldehyde are added slowly, keeping the temperature below 10°. 
The product is removed from the freezing mixture after three to 
four hours, and kept overnight. It is then mixed with a little 
alcohol and acidified with hydrochloric acid, when 15 ’5 to 16*0 
grams of glyoxaline-4 : 5-dicarboxylic acid separate, that is, about 
60 per cent, of the theoretical yield calculated on the quantity of 
tartaric acid employed. 

Glyoxaline-4 : 5-dicarboxylic acid melts and effervesces at 288° 
(wit.). It is soluble in about 800 parts of boiling water 
and in about 2000 parts of cold water. It is practically in- 
soluble in the usual organic solvents, but dissolves sparingly 
in pyridine. It is soluble in concentrated mineral acids, but 
is precipitated unchanged on dilution with water. The mono - 
sodium salt, which crystallises from water as a felted mass of 
feathery needles containing 1H 2 0 (Found; H20 = 94; in dried 
salt, Na==12*8. Calc.: H 2 0=9’2; Na=12*9 per cent.), is 
sparingly soluble in water but readily so in aqueous sodium hydr- 
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oxide, probably owing to the formation of a disodium salt in ^ 
tion. Moreover, the addition of alcohol to a solution of the acid 
in sufficient aqueous sodium hydroxide to form the disodium salt 
causes the precipitation of a granular deposit approximating jj 
composition to the disodium salt. (Found, in salt dried at 11Q& 
Na=21’2. C 5 H 2 0 4 N 2 Na., requires Na-23-0 per cent.) 

The acid is very stable towards nitric acid; after boiling it with 
ten times its weight of concentrated nitric acid for twenty-four 
hours, more than 90 per cent, was recovered unchanged, whilst 
similar results were obtained in a sealed tube at 130°, and whet 
the acid was boiled with equal parts of nitric and sulphuric acids. 

The acid is very resistant to esterification, for, after boiling with 
alcoholic sulphuric acid for twenty-four hours, 95 per cent-, was 
recovered unchanged. 


The Preparation of Glyoxaline . 

One hundred grams of glyoxaline-4 :5-dicarboxylic acid were 
distilled, under normal pressure, in quantities of 4 grams from a 
small flask into a long, wide air condenser. The distillate, which 
had solidified in the condenser, was crystallised from benzene, and 
gave a 92 per cent, yield of the pure base. 

Glyoxaline picrate crystallises from water in long, fine, yellow 
needles, which become orange on drying at 100°, and then melt at 
212° (corr.), after sintering from 208°. It contains rather more 
than 1H 2 0 (Found, loss at 100°;=7-2; in substance dried at 100", 
N=23'3^ [2971] requires N = 23-6 per cent.), 

Glyoxaline hydrogen tartrate crystallises from water in fine 
prisms of characteristic trapezoidal shape, which are anhydrous ( 
and melt at 202° (corr.). It is readily soluble in cold water, and 
is best crystallised from 50 per cent, alcohol (Found: N=12i 
C 3 H 4 N 2 ,C 4 H $ 0 6 [2181] requires N=12*8 per cent.). 

Glyoxaline hydrogen oxalate crystallises from water as a felted 
mass of prismatic needles, which are anhydrous and melt at 232° 
(corr.) after sintering from 230°. It is soluble in five or six parte 
of boiling water, I ' dt much less so in cold water (Found: N=17'8. 
Calc.: N-17’7 per cent.). 


Action of Boiling Aniline on Glyoxaline A : b-dicarboxyUc Acid: 
Formation of Glyoxaline-i-carboxy anilide and Glyoxaline . 

Five grams of glyoxaline-4 : 5 -dicarboxylic acid were boiled with 
50 c.c. of aniline for nine hours under a reflux condenser, when 
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he acid gradually passed into solution. The product was mixed 
# ith water and subjected to distillation with steam until the excess 
f aniline had been removed. The residual aqueous solution was 
Altered from a small quantity of resinous matter whilst still hot, 
ahen the filtrate at once began to deposit the anilide as a felted 
mass of fine needles. The first crop amounted to 2*6 grams, and 
a further quantity of 01 gram was obtained on concentrating the 
mother liquor. The filtrate from this gave on acidification 0T 
main of glyoxaline-4 : 5-dicarboxylic acid, but no glyoxaline-4- 
carboxylic acid was found. The final mother liquor when mixed 
with sodium carbonate, evaporated to dryness, and extracted with 
benzene gave 0*9 gram of glyoxaline. 

QhfOJCidin^A-carboxy anilide crystallises from boiling water in 
line, colourless needles, which are anhydrous and melt at 227 — 228° 
(corr.). It is fairly readily soluble in alcohol, but only sparingly 
so iii boiling water and the other usual organic solvents. 

Found: C = 64*2; H=5‘l; N = 22 6. 

■ (187T5) requires 0=64*2; 11—4*9; N = 22'5 per cent. 

Hydrolysis of the Anilide. — The anilide is only slowly hydrolysed 
by 10 per cent, hydrochloric acid at 100°, but more readily at 
130°. 

One gram of the anilide was heated with 10 c.c. of 10 per cent, 
hydrochloric acid at 130° for three hours. The resulting solution 
was evaporated to dryness to remove the excess of acid, the residue 
dissolved in water, basified with sodium carbonate, and extracted 
with ether to remove aniline. Sufficient hydrochloric acid was 
added to render the solution faintly acid to methyl-orange, when 
crystallisation set in almost immediately, and 0’42 gram of 
glyoxaline-4-carboxylic acid was isolated The properties of the 
acid and its hydrochloride, nitrate, and picrate agreed with those 
previously given (T., 1916, 109. 199) for the acid prepared by 
the oxidation of 4 hydroxymethylglyoxaline, and the melting points 
of mixtures of the compounds from the two sources were not 
depressed. 


%MethylglyoxaUneA : o-diearboxylic Acid. 

This acid was prepared in an analogous manner to its lower 
homologue, employing a solution of 15 c.c. of freshly distilled 
acetaldehyde dissolved in 50 c.c. of ice-water in the place of the 
aqueous formaldehyde. The yield of 2-methylglyoxaline4 : 5- 
dicarboxylic acid, containing 1H 2 0, obtained from 25 grams of 
tartaric acid was 22 grams, that is, 67 per cent, of the theoretical. 
v OL, CXV. L 
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Maquenne ( loc . dt.) obtained 50 grains of the product from ity 
grams of tartaric acid, that is, 38 per cent, of the theoretical. 

Generally, the properties of this acid are very similar to those 
of glyoxaline-4 : 5-dicarboxylic acid, and it behaves similarly 0I1 
acid and alkaline hydrolysis. 

With sodium diazobenzene- 2 >aulphonate in aqueous sodium 
carbonate, it gives a faint red colour which deepens on keeping 
whilst glyoxaline-4 : 5-dicarboxylic acid gives a deeper red colour 
in the first instance. 


Action of Boiling Aniline on 2-M ethylglyoxaline-i : b-dicarboxykc 
Acid. 

Twenty grams of hydrated 2-methylglyoxaline4 : 5-dicarboxylic 
acid, when treated with boiling aniline under the same conditions 
as its lower homologue, gave 11 grams of the hydrated anilide of 
2-methy]glyoxaline-4-earboxylic acid and 3 ’8 grams of 2-methvI- 
glyoxaline. 

2-M ethylgly outline A- carboxyamUde crystallises from boiling 
water as a felted mass of colourless, silky needles, which contain 
rather less than 1II 2 0. It is sparingly soluble in boiling water, 
but readily so in alcohol. After drying at 110°, it melts at 208 : 
(corr.). 

Found, loss at 110° in three samples = 6*9, 7-0, 7 2. 

CjiHijON^HgO requires H 2 0 = 8*2 per cent. 

Found, in substance dried at 110°, C = 65’l, 65'6; H— 5'7, 5*6; 

N-20'9. 

C n H n ON a (201*2) requires C=65*6; 11=5*5; N=20*9 percent. 

2-Methylglyoxaline-i-carboxylic add is obtained in nearly the 
theoretical yield by the hydrolysis of its anilide under similar con- 
ditions to those already described for glyoxaline-4-carboxylic acid. 
When placed in a bath at 250°, it melts and effervesces at 262 1 
(corr.). It crystallises from water in clusters of prismatic needle? 
containing 1ILO. It is soluble in about twenty parts of boiling 
water, but is practically insoluble in the usual organic solvents. 

Found, loss at 110° =12*9. 

C 6 H 6 0 2 N 2> H 2 0 requires II 2 0 = 12'5 per cent. 

Found, in the substance dried at 110°, C = 47’3; H =4-8 ; 

N = 21*9.* 

C 5 H 6 0 2 N 2 (126*1) requires C=47-6; H = 4*8; N = 22*2 percent. 

With sodium diazobenzene^p-sulphonate it gives a red colour ui 
sodium carbonate solution. 

The hydrochloride crystallises from water, in which it is readily 
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soluble, in minute, flattened, rhombic prisms, which are anhydrous. 
It melts and effervesces at 268° (corr.). 

Found: N = 16*9; 01 = 21*5. 

C 5 H 6 0,N,,HC1 (162 6) requires N = 17*2; Cl = 21*8 per cent. 

The nitrate crystallises from water, in which it is very readily 
soluble, in minute rhombic prisms, which melt and effervesce at 
190° (corr.), resolidify, and on further heating gradually darken, 
melting at about 240°. 

Found: C=31*7; H— 4*1. 

C 5 H 6 0 2 N,,HN0 3 (189*1) requires C = 31*7; H = 3*7 per cent. 

The picrate crystallises from water in minute cubes containing 
2H 2 0, which is lost at 100° (Found: H 2 0=9*4. Calc, for 2ILO, 
9-2 per cent.). It melts to a turbid liquid at 200° (corr.), which 
does not become clear until 224°, at which temperature effervescence 
begins. 

Found, in salt dried at 100°, N = 19*4. 

C 5 H 6 0 2 N 2 ,C 6 II 3 0 7 N 3 (355*2) requires N-19'7 per cent. 

%Methylglyoxaline picrate crystallises from boiling water in fine 
needles, which are anhydrous and melt at 213° (corr.). 

Found: N = 22*3. 

C 4 H 6 N 2 ,C 6 H 3 0 7 N s (311*2) requires N = 22*5 per cent. 

2-MethyIgIyo.r aline hydrogen oxalate crystallises from water in 
large, rhombic prisms which contain 211*0 (Found: II 2 0 = 17G. 
Calc, for 2H*0: H 2 0=17*3 per cent.). After drying at 100°, it 
melts at 160° (corr.), and effervesces on further heating. It is 
much more readily soluble in water than the corresponding 
glyoxaline salt. 

Found, in dried salt: N — 161, 

(172*1) requires K = 16 3 per cent. 


2-Et hylglyoxaU /? e- 4 : o dicarboxylic A cid . 

This acid was prepared in the same way as the methyl substituted 
and. From 32 e.c. of propaldehycle, and the nitrotartaric acid 
obtained from 50 grams of tartaric acid, 43 grams of hydrated 
d-ethylglyoxaline-4 : 5*dicarboxylic acid were obtained, that is, 64 
per cent, of the theoretical yield; Maquenne obtained 30 per cent. 
- Eihylglyoxaline-4 :5-dicarboxylic acid melts and effervesces at 
“09° (corr.). 
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2-Ph e ny Ig lyoxa I intA : 5 -dicarb oxylic A rid. 

The nitrotartaric acid from 25 grams of tartaric acid was treaty 
with 100 c.c. of aqueous ammonia in the manner previously 
described. Then 20 grams of benzaldehyde were added, w ith 
stirring, below 0°, and the stirring was continued for seven hours 
the temperature of the mixture being gradually allowed to 
approach that of the room. After keeping overnight, 171 g railli< 
of 2-phenylglyoxaline4 : 5-dicarboxylic acid were isolated, that is 
48 per cent, of the theoretical yield, whereas Maquenne's yield was 
only 8 per cent. 2-Phenylglyoxaline-4 : 5-dicarboxylic acid melts 
and effervesces at 271° (corr.). 

When distilled under the conditions previously described in the 
case of glyoxaline-4 : 5-dicarboxylic acid, it gives 2-phenylglyoxalin e 
in a yield of more than 80 per cent, of the theoretical. 

2-Phenylglyoxaline crystallises from water in small, prismatic 
needles, which melt at 148 — 149° (corr.) and are anhydrous. 

2 -PhenylglyoxaVme nitrate is readily soluble in water, hut 
so in alcohol, from which it separates in leaflets containing JH.,0. 
which is lost at 60° in a vacuum. The dried salt melts at ],i‘- 
(corr.). 

Found, in air-dried salt, H 2 0=61; in dried salt, N-20 0. 

0 9 H 8 N 2 ,HN0 3 (207*1) requires N = 20*3 per cent. 

The hydrogen oxalate crystallises from water iu flattened 
needles, which melt and effervesce at 219° (corr.), and are 
anhydrous. It is readily soluble in hot water, but less so in cold. 

Found: N=1$*0. 

CgllgN^CoHgO^ (234 1) requires N = 12*0 per cent. 

The pi crate is sparingly soluble even in boiling water, from 
which it crystallises in flue needles which melt at 238° (corr.), and 
are anhydrous. 

Found: N--18'6. 

Q)H s N*,C fi H s 0 7 N.j (373*2) requires N = 18*8 per cent, 

* 

4 : 5 -DimethyU and 2:4: b-T nmethyl-gl yoxalin e . 

When 4 : 5-dimethylglyoxalme is prepared by Windaus’ method 
( Ber 1909, 42, 758), it is contaminated with 2:4: 5 -triinethyl- 
glyoxaline, which results from the interaction of diacetyl and 
ammonia (von Pechrnann, Ber,, 1888, 21, 1414). 

8*6 Grams of diacetyl were dissolved in 50 c.c. of water, 50 c.c. 
of 40 per cent, aqueous formaldehyde added, the mixture cooled 
to 0°, and 80 c.c. of concentrated ammonia solution gradually 
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added the reaction mixture being stirred and kept below 0°. After 
the addition was ended, the mixture was allowed to remain in a 
place overnight, then evaporated to a low bulk, saturated 
with anhydrous potassium carbonate, and the oil which separated 
extracted by ether. The crude extract, which was contaminated 
vith hexamine, amounted to 5*9 grams. After destruction of the 
hexamethylenetetramine by boiling dilute hydrochloric acid, the 
icrates of the constituent bases were fractionated from water, 
when 5'7 grams of 4 : 5-dimethylglyoxaline picrate (17 5 per cent, 
of the theoretical yield) were obtained first, and then 3*5 grams of 
o ; 4 : 5 -trimethylglyoxaline picrate. 

0 * 4:5 -Trimethylglyo ratine picrate sinters from 160° and melts 
at 163° (corr.). It crystallises from water in well-defined prisms, 
which are often serrated. 

Found: N = 20-6. 

CcH^N^CgHaO;^ requires N = 20*6 per cent. 

The hydrochloride, previously prepared by von Pechmann, 
crystallises from alcohol in fine needles, which are anhydrous and 
melt at 316° (corr.) (Pound : N - 19 0 ; Cl - 24*2. Calc. : N - 191 j 
Cl -24 *2 per cent.). 

i:5-Dimethi/Iglyoxaline hydrochloride crystallises from alcohol 
in well-defined, rhombic prisms which melt and decompose at 305 c 
(corr). 

Found: N=2H; Cl=26*4. 

C*H„N 2 ,HC1 requires N = 21*l; Cl = 26*7 per cent. 

4 : o-Dimethylglyoxaline was also prepared by a modification of 
Kiinne’s method ( Ber ., 1895, 28, 2039; compare also J'owett, T., 
1905,87 , 407). Nine grams of methyl a isonitrosoethyl ketone were 
reduced with stannous chloride, as described by Kiinne, but the 
temperature of the reaction mixture was maintained at 15°, and, 
after the removal of the tin, the evaporation of the liquor was 
conducted entirely under diminished pressure. By these means, 
a yield of 10 grams of crude, crystalline methyl a-aminoethyl ketone 
hydrochloride was obtained, as against 4'2 grams of syrup obtained 
by Kiinne. When this product was heated on the water-bath for 
four hours with 10 grams of potassium thiocyanate and 40 c.c. of 
water, 5 2 grams of 2-thiol-4: 5-dimethylglyoxaline separated, and 
this gave 4 : 5-dimethylglyoxaline picrate in a yield of 85 per cent, 
of the theoretical when oxidised with the calculated quantity of 
ferric chloride.* The yield of 4 : 5-dimethylglyoxaline from methyl 
ethyl ketone is thus 23*8 per cent, of the theoretical. 

* The method of oxidising thiolglyoxalines to glyoxalinos by mm of ferric 
chloride has been described by one of us (T., 1911, 99* 2175) in the case of 
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Part IT. Nitroglyoxalines. 

4 ,~N i t rr>ffh/n .ralin e . 

Hung and Behrend (he. cit.) prepared 4-nitroglyoxaline i n 
yield of 36 per cent, of the theoretical by boiling glyoxaline with 
a mixture of nitric and sulphuric acids. The yield can be improve 
greatly by the method given below. Eight grains of glyoxalin 
were dissolved in 16 c.c. of nitric acid (D 1*4), cooled, and 16 ec 
of sulphuric acid cautiously added. A vigorous reaction ensued 
and when this had subsided the mixture was boiled gently f or two 
hours, allowed to cool, and then poured into ice-water, when T 8o 
grams of 4-nitroglyoxaline separated. The mother liquors yielded 
a further 0*5 gram of 4-nitroglyoxaline identical with the above 
but no glyoxaline and merely a trace of other crystalline material’ 
The total yield of 4-nitroglyoxaline thus amounted to 63 per cent 
of the theoretical. 4-Nitroglyoxaline crystallises from boiling 
acetic acid or from alcohol in stout, rhombic prisms, which are 
anhydrous and melt at 312 -313° (corr.) (Found : N=36*8. Calc. ■ 
N = 37*l per cent.). It is only very sparingly soluble in boiling 
water. Although it dissolves in strong mineral acids, it is pre- 
cipitated unchanged on the addition of water, and is recovered 
unchanged when crystallised from aqueous picric acid. 

4-jV i tro~%m e t h ylglyozalin e was similarly prepared. It crystal- 
lises from water in fine needles, which are anhydrous and melt at 
254° (corr.), sintering from 251°. 

Found: N = 33*0. 

C 4 H 5 0 2 N 3 (127*1) requires N — 33*1 per cent. 

o - A it roA-?r> e t h ylglyo.rali n*c was prepared by Windaus (lac. cit.) 
in a 60 per cent, yield by warming 4-methylglyoxaline with fuming 
nitric acid at 80°, Using this method, we found the main pro- 
duct to be 4-methylglyoxaline nitrate. Proceeding according to 
the method described for 4-nitro-2-methylglyoxaline, 5 grams oi 
4-methylglyoxaline gave 7 grams of 5-nitro-4-methylglyoxaline 
(Found: N = 32'8. Calc.: N=33*l per cent.) melting at 248 : 
(corr.), that, is, 90 per cent, of the theoretical yield. 

2 -thiol - 4 -aminomethylglyoxaline. The low yield of A-aminomethylglyoxnliitf 
recorded {56 per cent, of the theoretical) was due to the fact that’ insufficient 
ferric chloride had been employed. When the calculated quantity (16*2 grams) 
of this reagent is used, the product is obtained in a yield of 90 per cent, 
of the theoretical. 
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Attempted Nitration of 4 : b-Dimethylglyoxdlirit. 

To five grams of 4 : 5-dimethylgIyoxaline dissolved in 15 C .c. of 
nitric acid (D 14), 15 c.c. of sulphuric acid were added. The first 
vigorous reaction was controlled by cooling, and after it had 
ended the mixture was heated for two hours on the water-bath. 
From the reaction product, 1*7 grama of 4 : 5-dimethylglyoxaline 
were recovered, together with 0*3 gram of the nitrate of 4-metliyl- 
glyoxaline'5-carboxylic acid (Found: C=32*l; H = 4*0; N = 2V7. 
Calc.: C— 31 6, H— 3 7j N— 22*1 per cent.), which deposited the 
corresponding acid, melting and effervescing at 222°, on the addi- 
tion of the calculated quantity of sodium hydroxide. From the 
pure acid, the hydrochloride, which melted and decomposed at 
231°, and the nitrate, which decomposed at 189°, were prepared. 
The melting points of the acid and its salts are in agreement with 
(hose found by Gerngross (he. cit.) for 4-methylglyoxaline u- 
carboxylic acid. 


Redaction of Nitroglyomlines with Tin and Hydrochloric Arid. 

When 4-nitroglyoxaline, 4-nitro-2-methyiglyoxaline, or 5-nitro- 
4-methylglyoxaline is reduced with tin and hydrochloric acid, and 
the product mixed with sodium hydroxide and distilled into 
standard acid, two of the three atoms of nitrogen present »in the 
molecule are eliminated in the form of ammonia : 

0*5609 of 4-nitroglyoxaline gave 0*1746 NH a ; calc, as above 
0*1688. 

0*4292 of 4-nitro-2-methylglyoxaline gave 0*118 NH 3 ; calc, as 
above, 0*115, 

0*4931 of 5-mtro-4-me%lglyoxaline gave 0*1378 NH 3 ; calc, as 
above, 0*1320. 

That the greater part of the ammonia is actually produced 
luring the reduotion, and not by the subsequent action of the 

iIkah ; is shown in the case of 4-nitroglyoxaline by the following 

xperiment. " 

Twelve grams of 4-nitroglyoxaline were reduced by means of 
in and hydrochloric acid in the usual manner. The reduced 
quors were freed from tin and then evaporated to dryness, then 
listened with alcohol, and again evaporated to remove water as 
1 H T / 0SS ^ e * crude product was extracted with alcohol 
eft 9 grams of a crystalline solid, which proved to be 
“imomum chloride (Found : N=25*9; Cl=66*0. Calc. : N = 26‘2; 
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Cl = 66*3 per cent.). The residue of the purple alcoholic solution 
gave 5 grams of an insoluble phosphotungstate after the removal 
of ammonia. This product has not yet been investigated. 


Reduction of Nitroglyoxalines with Sodium Hyposulphite . 

Behrend and Schmitz (i loc . cit .) observed that 4-nitroglyoxalin e 
gave a beautiful blue dye when treated with alkaline reducing 
agents. We can confirm this result, but find that ammonia is also 
produced in an amount corresponding with the loss of two atoms 
of nitrogen in this form from three molecules of 4-nitroglyoxalin e 
when this compound is reduced with sodium hyposulphite in 
aqueous sodium hydroxide: 

0*5148 of 4-nitroglyox aline gave 0*0521 NH 3 ; calc, as above, 
0*0516. 

The liquors remaining from the distillation gradually acquired 
a dark blue colour on exposure to the air, and on acidification with 
acetic acid deposited rather less than 01 gram of a blue compound 
which did not melt below 300°. 

The reduction of 5-nitro4-methylglyoxaline with alkaline sodium 
hyposulphite led to the same result as in the case of 4-nitro- 
glyoxaline, two molecules of ammonia being produced from three 
molecules of the nitro compound (0*5311 gave 0*0487 NH 3 ; calc, 
as above, 0*0474). The reduced solution gradually acquired a rose 
colour on exposure to air, but gave no precipitate with acetic acid, 

4-Nitro-2-methylglyoxaline behaved differently from the above 
compounds on reduction with alkaline sodium hyposulphite^ yield- 
ing one molecule of ammonia from three molecules of the nitro- 
compound (0*5084 gave 0*0230 NH 3 ; calc, as above, 0*0227). 


Part III. Arylazoglyoxalines. 

2-Benzeneazoglyoxaline (IV, p. 221). 

23*25 Grams of aniline were dissolved in 62*5 c.c. of hydro- 
chloric acid and 187’5 c.c. of water, and diazotised with 18 grams 
of sodium nitrite di&» jived in 100 c.c. of water. The solution was 
run slowly into a well-stirred solution of 17 grams of glyoxaline 
and 40 grams of anhydrous sodium carbonate in 1250 c.c. of water, 
previously cooled to 5°, and kept overnight. The insoluble orange 
powder was collected, washed well with water, and extracted suc- 
cessively with 250, 125, and 125 c.c. of cold 2*5 percent, hydrochloric 
acid. (Extract- .4.) The insoluble material amounted to 4*4 
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trains, and after crystallisation from alcohol gave 2:4: 5-iWs- 
\tnztneM 0( jty oxa ti n ii of which only 0’5 gram was obtained in a 
pure state. This compound, decomposes at about 200° and 
effervesces at 208° (corr.), When pure, it is only sparingly soluble 
even in boiling alcohol, from which it crystallises slowly in dark 
brown clusters of crystals of indeterminate shape. (O’ 84 required 
60 c.c. of boiling alcohol.) 

Found: C=66‘0; H = 4‘6; N = 29‘0. 

C.,,H 16 N 8 (380’3) requires C = 66*3; H = 4-2; N = 29’5 per cent. 

Trisbenzeneazoglyoxaline is insoluble in cold dilute hydrochloric 
acid, and is decomposed when boiled with this reagent. It dis- 
solves to some extent in aqueous sodium hydroxide. 

The hydrochloric acid extract (i) was diluted with water and 
basified with sodium carbonate, when crude 2-benzeneazoglyoxaline 
was obtained as a yellow, crystalline precipitate, which, after 
thorough washing with cold water and drying, amounted to 
34 grains. On crystallisation from 150 c.c. of alcohol, 31 gTams of 
the pure base were obtained, that is, 74 per cent, of the theoretical. 
No other definite compound could be isolated from the mother 
liquor. 

‘l-Benzeneazoglyoxaline crystallises from alcohol in large, orange 
tablets resembling potassium dichromate in appearance. It melts 
at 190° (corr.) to a reddish-black liquid. 

Found: C=62'7, 62*7; H-4*8, 4*9; N = 32*3 

C 9 H 8 N 4 (172*1) requires C — 62’8; H~4'7; N = 32’6 per cent. 

Rung and B thread's Method.— By this method, in which benzene- 
diazonium chloride is allowed to react with glyoxaline without the 
addition of alkali, 5 grams of glyoxaline gave 3*3 grams of crude 
precipitate insoluble in water. Of this, 2*2 grams were separated 
into 0 7 gram of insoluble resin, which appeared to evolve gas on 
keeping, and 1*45 grams soluble in acid, which gave pure 
2-benzeneazoglyoxaline on crystallisation from alcohol. The crude 
precipitate was less readily purified by direct crystallisation from 
alcohol. 

General Properties of Arylazoglyoxalines. — To avoid repetition, 
it will be convenient to describe the general properties of the 
monoarylazoglyoxalines at this point. 2-Benzeneazoglyoxaline and 
2-benzeneazo-4-methylglyoxaline are fairly readily soluble in 
alcohol, ethyl acetate, or acetone, sparingly so in ether, chloro- 
form, or benzene. 5-Beiizeneazo-4-methylglyoxaline, 2-p-bromo- 
beuzeneazoglyoxaline, and 4-p-bromobenzeneazo-2-methylglyoxaline 
are sparingly soluble in the first three solvents and very sparingly 
so in the last three. 

I.* 
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These compounds are almost insoluble in cold water or in dj|^ 
aqueous ammonia or sodium carbonate, but dissolve to some exte^ 
in dilute aqueous sodium hydroxide. The benzeneazo-comp 0 u D( | 
dissolve readily in dilute hydrochloric acid, and the solutions yj^ 
crystalline hydrochlorides on concentration; the hydrochlorides of 
the p-bromobenzeneazo-compounds are sparingly soluble in water 

The stability of a 2~ and a 4 -substituted member of the 
group towards boiling dilute hydrochloric acid was examined 
When 0'5 gram of 2-benzeneazoglyoxaline was boiled with 20 ce 
of 10 per cent, aqueous hydrochloric acid for two hours under a 
reflux condenser, O' 35 gram was recovered little changed on the 
addition of ammonia, and readily gave the starting material in a 
pure state on crystallisation from alcohol. 

When 5-benzeneazo-4-methylglyoxaline was boiled with an excess 
of 10 per cent, aqueous hydrochloric acid for a few minutes it 
was recovered unchanged after the addition of ammonia, but after 
boiling for one hour it was mainly decomposed, with the form- 
ation of resinous compounds. 

The arylazoglvoxalines dissolve in concentrated sulphuric acid 
giving bright-coloured solutions. The monoarylazo-derivatives 
yield mainly orange or magenta solutions, the 2-substituted deriv- 
atives being more intensely coloured than the 4 -substituted com- 
pounds, whilst the solutions of bis- and tris-arylazoglyoxalines are 
green and still more intense than those of the 2-raonoarylazo- 
derivatives. 


Reduction of 2-BemeneazoglyoxaIine with Stannous Chloride: 
Isolation of 2~AminoA-'p-aminophenylglyoxaline i 2 -Amino- 
glyoxaline, Guanidine , and Aniline. 

Twenty grams of 2-benzeneazoglyoxaline were dissolved in 200 
c.c. of boiling 2*5 per cent, hydrochloric acid and mixed with 
120 c.c. of stannous chloride solution.* The solution was immedi- 
ately decolorised, and when mixed with 200 c.c. of hydrochloric 
acid deposited a crystalline tin salt (.4). This was collected, and 
the mother liquor was evaporated to dryness, dissolved in hot water, 
and freed from tin. It was then evaporated to low bulk, mixed 
with sodium carbon?*©, and extracted with ether, which removed 
3*0 grams of crude aniline. The alkaline liquor was acidified 
faintly with hydrochloric acid, evaporated to dryness, and extracted 
with alcohol, when 3 1 grams of extract were obtained. This was 

The stannous chloride solution employed throughout this investigation 
was made by mixing 40 grams of " tin salt ” with sufficient hydrochloric acid 
to make 100 c.c. of solution. 
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mixed with stannic chloride, and deposited, first, 2- 2 grams of pure 
o-aminoglyoxaline stannichloride, then crops of the crude salt, from 
which a further quantity of 1*0 gram of the pure salt was obtained, 
the total yield amounting to 11 per cent, of the theoretical. The 
final stannichloride mother liquors were deprived of tin by means 
0 f hydrogen sulphide and mixed with picric acid. After crystal- 
lisation from water, the first crop of picrate, which melted at 325°, 
was decomposed by sulphuric acid, the picric acid being removed 
by means of ether. The solution of sulphates was deprived of 
sulphuric acid by barium hydroxide, and from excess of this 
reagent by carbon dioxide. The resulting solution was neutralised 
with aqueous oxalic acid, mixed with as much more aqueous oxalic 
icid, and concentrated, when crude guanidine hydrogen oxalate 
;eparated. After recrystallisation from water, this amounted to 
) 07 gram, melting and effervescing at 172 — 173° (corr.) alone or 
ivhen mixed with pure guanidine hydrogen oxalate. 

The crystalline tin salt (A) was dissolved in water, treated with 
liydrogen sulphide, filtered from tin sulphide, and concentrated, 
ivhen 18'55 grams of 2-amino - 4-p-a minuph e ayUjlyoxalin e dihydro- 
chloride separated, that is, 64-6 per cent, of the theoretical yield. 


Z-AminoA-y-aminophenylglyoxaline, C 9 H 10 N 4 (VI, p. 222). 

When the dihydrochloride is mixed with an equivalent quantity 
of sodium carbonate, a colourless oil separates which solidifies on 
keeping. This is a carbonate, for it effervesces on treatment with 
\cid, and when dissolved in boiling water disengages carbon dioxide 
vigorously on the addition of animal charcoal, leaving a solution 
of the free base, which crystallises on keeping. This solution 
Becomes brown at the top owing to oxidation in the air, whilst the 
aminae become mauve where exposed to the light. 

To 5-0 grams of the dihydrochloride in 50 c.c. of boiling water, 
10 c.c. of hot 10 per cent, aqueous sodium carbonate and a pinch 
)f animal charcoal were added. The solution was boiled for five 
mnutes, filtered, and kept, when 3-1 grams of the base separated 
uid were recrystallised from water. This base crystallises from 
v ater in glistening leaflets which melt and effervesce at 148° (corr.). 
It contains 1H.,0, which is not lost in a vacuum or on heating at 
100 ° . 

Found: 0=563; H = S*4; N = 29*5, 29-2. 
yijgN^HA) (192*2) requires C=56*2; H - 6*3; N-29*2 per cent. 

It is sparingly soluble in cold, fairly readily so in hot water; 
airly readily soluble in cold, readily in hot alcohol, and very 
paringly so in chloroform or ether. 

I,* 2 
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An aqueous solution of the base gives, with silver nitrate, a 
precipitate, which blackens at once on the addition of ammonia 
with Fehling’s solution, a nearly black precipitate— presumably s 
copper salt— which is unchanged on boiling the solution; with ^ 
permanganate, instant reduction; with sodium diazobenzene-J 
sulphonate in aqueous sodium carbonate, an immediate cherry-red] 
colour. When the base is dissolved in an excess of hydrochloric! 
acid and mixed with sodium nitrite, a yellow solution is obtained, 
which yields with a solution of 0-naphthol in aqueous sodium hydr- 
oxide a sparingly soluble purple dye. On the addition of sodiuir 
hydroxide to a solution containing 2-amino-4-p-aminophetii?i 
glyoxaline hydrochloride and sodium nitroprusside, a green color 
ation changing to chestnut-brown is produced. 

On the addition of dilute sulphuric acid to an aqueous solutics 
of the base or its hydrochloride, the very sparingly soluble sulphate 
crystallises in woolly needles. 

The dihydrochlnride crystallises from dilute hydrochloric acid in 
colourless prisms, which do not melt below 300°. It is readilv 
soluble in cold, very readily so in hot water. 

Found: Cl = 28* 6; N = 22'5. 

C 9 II 10 N 4 ,2HC1 (247*1) requires Cl-28'7; N-22-7 per cent. 

The dipicrate forms yellow, silky needles, which darken at 24r 
and decompose at 250° (corr.). It is very sparingly soluble evee 
in boiling water. 

The benzylidene derivative of 2'ainiiio-4-p-aminophenylglyoxal]ite 
was not obtained in a crystalline form. 

2- Ace tyla m i no-4-p -ace ( y Iambi o ph c nylyl yoxal hie. 

10*6 Grams of 2-amino-4-p-aminophenylglyoxaline were boiled 
with 50 c.c. of acetic anhydride for one hour under a reflux con- 
denser and mixed with aqueous sodium carbonate, when 13*9 gTaai; 
of the diacefcyl derivative were obtained, that is, 98 per cent, of the 
theoretical yield. The base forms a colourless, crystalline powder 
which does not melt below 300°. 

Found; N=21*2. 

C ]3 H j4 GjN 4 (258*2) requires N = 21'7 per cent. 

It dissolves in dilute hydrochloric acid, but the hydrochloric 
crystallises almost at once. It appears to be changed by prolongs 
boiling with hydrochloric acid. 

The hydrochloride was consequently prepared by triturating $ 
base with an excess of 10 per cent, aqueous hydrochloric acid, drau- 
ing the insoluble salt, and crystallising it from water, when ^ 
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E orm ed colourless, prismatic needles, which did not melt below 
00°. It is sparingly soluble in cold, fairly readily so in hot 
rater. 

Found, in air-dried salt, loss at 110° = 11*1. 
C 13 H 14 0 2 N 4J HC1,2H 2 () (330*7) requires 2H,O = 10*9 per cent. 
Found, in salt dried at 110°, C-53‘1; H = 5*3; N = 18-7; 
C1=11‘6. 

C j3 H i4 OoN 4 ,HCI (294*7) requires C = 53*0; H-51- N = 19*0; 

Cl = 12*0 per cent. 

Oxidation . — Ten grams of 2-acetylaminc-4-p-acetylaminophenyb 
glyoxaline were suspended in 150 c.c. of cold water and mixed with 
4 grams of 50 per cent, aqueous sulphuric acid, when a suspension 
of the sulphate resulted. To this, cold 4 per cent, aqueous 
potassium permanganate was added until a test portion of the pro- 
duct remained pink for a few seconds, about 240 c.c. being required. 
The liquor was then filtered from manganese hydroxide, acidified 
with hydrochloric acid, and extracted with ether. The ethereal 
extract amounted to 1*5 grams, and after digestion with a little 
[warm water left 1*0 grain of p-acetylaminobenzoic acid, which 
melted at 260° (corr.). After recrystallisation from boiling water, 
the acid formed glistening needles having the same melting point. 
A specimen of the pure acid from another source and a mixture of 
the two melted at the same temperature. The identification was 
confirmed by analysis (Found: 0 = 59*9; H=5*2; N = 7*8. Calc.: 
0=60-3; H-51; N=7*8 per cent.) and by hydrolysis to p-amino- 
benzoic acid, which melted at 190° (corr.) alone or mixed with the 
and resulting from the reduction of p-nitrobenzoic acid. 


Reduction of 2 -Benzeneazoglyomllne with Zinc Dust and Acetic 
Acid: Isolation of Glycocyamidine , Aniline, and 2-Amino- 
4-p-omi n oph e nylgly oxaline . 

To a boiling solution of 17*2 grams of 2-benzeneazoglyoxaline 
in 100 c.c. of glacial acetic acid and 300 c.c. of water, 45 grams of 
zinc dust were added gradually in the course of twenty minutes 
without further heating. The excess of zinc was removed, the 
liquor diluted with 2 litres of water, giving an indigo-coloured 
solution , and treated with hydrogen sulphide. After collecting the 
zinc sulphide — which had carried down the colouring matter — the 
liquor was mixed with 20 c.c. of hydrochloric acid and evaporated 
to dryness. The residue was dissolved in a little water, mixed with 
sodium carbonate, and extracted with ether, when 2*7 grams of 
insoluble, black material were deposited; this contained zinc 
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carbonate and the carbonate of 2-amino-4-_p-aminophenylglyoxalii le 
The ethereal extract left on evaporation 7‘0 grams of practically 
pure aniline. The alkaline liquor was acidified faintly with hydro- 
chloric acid, mixed with a solution of 23 grams of picric acid ^ 
1 litre of boiling water, and stirred, when 2‘6 grams of 2-amino- 
4-p-aminophenylgIyoxaline dipicrate separated immediately as a 
brownish-yellow, crystalline powder which melted at 240°; fo r ^ 
identification of this substance, the hydrochloride and base were 
prepared and found to have the properties recorded above. 

The filtrate from this salt was kept overnight, when 21 ‘5 grams 
of a granular, crystalline picrate, melting at 196°, separated, and 
on concentrating the mother liquor a further 4- 8 grams, melting at 
180°, were obtained. These crops were mixed, converted into the 
hydrochloride, and crystallised from alcohol, when eventually 5*9 
gTams of pure glycocyamidine hydrochloride were obtained, that is 
43 per cent, of the theoretical yield. It formed clusters of prig, 
matic needles, which began to- darken and sinter at 205° and 
melted at 211 — 213° (corr.). E. Schmidt {Arch. Pharm 1913. 
251 , 557) states that it begins to discolour at 200° and melt« at 
208—210° (Found: C=26o; H=4‘4; N = 30*6; CI=26*3. 

C 3 H 5 ON 3 ,H01 (135'6) requires C = 26*6; H=4-5; N=3H; 
Cl = 26 -2 per cent.). 

To complete the identification of this compound, the base and 
some other salts were prepared. The base crystallised from water 
in colourless, prismatic needles, which began to darken slowly from 
about 220° and quickly from about 250°, without melting even at 
300°. It was anhydrous. (Found: C=36'4; H = 4’8; N = 423. 
C 3 H 5 ON 3 (99*1) requires C=36’3; H=5*l; N = 42*4 per cent.) 
E. Schmidt (he. rit.) states that glycocyamidine darkens from. 220°, 
but does not melt at 250°. It gave with sodium nitroprusside and 
sodium hydroxide an orange solution, which became Burgundy-red 
on the addition of acetic acid (Weyl’s reaction). It is stable 
towards cold aqueous permanganate in acid solution, but reduces 
cold alkaline permanganate, yielding a green solution. 

The platinichloride was obtained on spontaneous evaporation of 
an aqueous solution in large, transparent, quadrilateral tablets 
having the composition C 3 H fi 0N 3 ,H 2 PtCl 6 ,2Tr 2 0. It begins to 
darken at 220°, gradi«)lly sinters, and is quite black by 260° with- 
out actually melting even at 300°. E. Schmidt (Joe. rit.) found 
tha^ glycocyamidine platinichloride had this composition and did 
not melt at 260°, but sintered and blackened earlier. 

The platinichloride was also obtained in an anhydrous form by 
crystallisation from a hot concentrated solution, when it formed 
clusters of prisms. 
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The additive compound with gold chloride, C 3 H & ON 3 ,AuCl 8 , 
melted at 157—158° (corr.). Korndorfer (Arch. Fhann 1904^ 
242, 633) found that glycoeyamidine gold chloride had this com- 
position, and melted at 153—154°. 

The pi crate crystallised from water in glistening, striated, yellow 
leaflets (flat needles) which melted at 215 — 216° (eon*.). Jaffe 
(, Zeitsch . physiol. Chern ,, 1906, 48, 430) describes glycoeyamidine 
picrate as forming needles, which melt at 210°. 


2- and i-p-Bromobenzeneazoglyoxaline. 

34*4 Grams of p-bromoaniline in 200 c.c. of hydrochloric acid 
and 600 c.c. of water were diazotised at - 2° to 0° by a solution of 
14*4 grams of sodium nitrite in 72 c.c. of water. The solution was 
kept for twenty minutes and poured in a slow stream into a solu- 
tion of 13*6 grama of glyoxaline and 300 grams of sodium carbonate 
crystals in 2 litres of water, previously cooled to 5°. After adding 
a little more aqueous sodium carbonate, the mixture was kept over- 
night, and the insoluble, yellow powder collected and washed with 
water. It amounted to 48*7 grams after drying in the air, decom- 
posed at 245°, and was almost completely soluble in dilute hydro- 
chloric acid. After fractional crystallisation from alcohol, there 
were obtained 37*5 grams of pure 'l-p-bromohcnzeneazoglyoxalint 
and 5T grams scarcely less pure, whilst the final mother liquors 
deposited a mixture of this compound with dark brown warts, 
which were separated mechanically, and amounted to about 2' 5 
grams, melting at about 175°. These were dissolved in dilute 
hydrochloric acid, and the solution was filtered from a little dark 
brown, insoluble matter and mixed with ammonia, when a yellow, 
gelatinous precipitate was formed, which readily became crystalline 
on warming and stirring. This base was collected and crystallised 
several times from alcohol, when i-p-bromobenzeneazoglyoxaline 
was obtained in a pure state. 

2-}yBromobenzeneazoglyoxaline crystallises from alcohol in 
chestnut-brown, prismatic needles, which melt and decompose at 
253° (corr.). 

Found: C = 42*9; H=31 ; N=22*l. 

C 9 H 7 N t Br (2511) requires C=43‘0; H^2’8; N=22*3 per cent. 

4-p - Bromobenzeneazoglyoxaline crystallises from alcohol in 
clusters of brownish -yellow prisms which melt and decompose at 
191° (corr.). 

Found: C=43*2; H=3*l; N-21‘9. 

C 9 H 7 N 4 Br (251*1) requires C=43'0; H = 2*8; N=22‘3 per cent. 
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On reducing this base (0‘26 gram) with stannous chloride ami 
distilling the resulting solution with an excess of sodium hydroxide, 
the volatile products consisted of p-bromoaniline (0 18 gram) and 
ammonia, which gave 0 05 gram of ammonium chloride. 


Reduction of 2-p - BromobenzeneazoglyoxaUne with Stannous 
Chloride: Isolation of 2-Aminoglyoxaline, p ■Bromoanilint 
Guanidine , 'I-Amino-A-'p-aminophenylglyoxaline, and a Bast 
C 9 H 9 N 4 Br. 

To 78 grams of 2-p-bromobenzeneazoglyoxaline suspended ii 
40 c.c. of hydrochloric acid and 1 litre of boiling water, 400 c.c 
of stannous chloride solution were added. The solution immgdi 
ately became decolorised, and, after the removal of 0 5 gram o 
brown, insoluble matter, was concentrated under diminishet 
pressure. The tin salts which separated were collected from tin. 
to time and combined, so that the product was obtained in two 
fractions, consisting of the crystalline tin salts and the syrupy 
residue. 

The crystalline tin salts were dissolved in water and deprived 
of tin by hydrogen sulphide. The solution of hydrochlorides was 
evaporated to dryness, dissolved in a little water, and mixed with 
aqueous sodium carbonate, when 39*6 grams of p-bromoaniline 
separated. The filtrate from this gave a further 1*1 grains of the 
same compound on extraction with ether, and was next acidified 
with hydrochloric acid, evaporated to dryness, and extracted with 
absolute alcohol. (Insoluble material = *4.) On distilling the 
alcohol, a brown syrup remained, which quickly crystallised and 
became a rock-like mass of 2-aminoglyoxaline hydrochloride, 
amounting to 15*8 grams and melting at 135 — 140°. 

The syrupy tin salts were also dissolved in water and deprived 
of tin. The resulting solution was evaporated to dryness, dissolved 
in a little water, mixed with sodium carbonate, and extracted with 
ether. This, on concentration, deposited 0*9 gram of colourless 
needles, melting at 178° (corr,), which proved to be a base having 
the composition C 9 H 9 N 4 Br (compare p. 245), The ethereal mother 
liquor on evaporation, left 2’5 grams of dark brown syrup which 
gradually crystallised/and consisted largely of p-bromoaniline. 

Tlie alkaline liquor was acidified with hydrochloric acid, 
. evaporated to dryness under diminished pressure, and extracted 
with absolute alcohol. The insoluble salts, consisting mainly of 
sodium chloride, were combined with those obtained previously 
(4), dissolved in water, and mixed with aqueous picric acid, when 
2*7 grams of 2-amini>4-j»'aminophenylglyoxaline dipierate, Fielt 
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* n g a t 240°, separated ; the identity of this salt was confirmed by 
its conversion into the hydrochloride and base. The alcoholic 
extract was evaporated under diminished pressure, and left 13*0 
grams of brown syrup, which crystallised only partly on seeding 
ff ith 2 -aminoglyoxaline hydrochloride. It was converted into the 
stanni chloride and crystallised fractionally from 10 per cent, hydro- 
chloric acid, when 10*2 grams of 2-aminoglyoxaline stanni- 
chloride melting at 280° (corr.) were obtained. This is equivalent 
to 4 - 9 grams of 2-aminoglyoxaline hydrochloride, the total yield of 
which was therefore 207 grafcis, that is, 56 per cent, of the 
theoretical. 1 

The remaining stannichlorides were not readily purified by frac- 
tional crystallisation, and were reconverted into hydrochlorides, 
which amounted to about 3 grams. This material was mixed with 
sodium carbonate, evaporated until nearly dry, and extracted with 
hot alcohol.* The extract was distilled and the residue mixed with 
an excess of 10 per cent, aqueous oxalic acid, when 1‘6 grams of 
guanidine hydrogen oxalate separated in large crystals. After 
recrystallisation from water, this salt formed colourless spears, 
which melted at 173 — 174° (corr.) after drying at 100°, and was 
sparingly soluble ill water. 

It had the composition CnjN^C'oIIoOiJLO previously recorded 
by Strecker (Amialen, 1861, 118 , 160), "(Found: H 2 O = 10*3. 
Calc.: H 2 O-10*8. Found, in dried salt, 0 = 24-0; ' H = 4'9; 
N-28 0. Calc.: C = 24*l; H = 4*7; N=28‘2 per cent.) The 
melting point of a specimen of guanidine hydrogen oxalate pre- 
pared synthetically and that of a mixture of the two preparations 
was the same. The identification was confirmed by the prepara- 
tion of the nitrate and picrate, which had the properties previously 
recorded. 

The base, melting at 178° (corr.), obtained as a by-product in 
the above reaction (compare p. 244), forms colourless ueedles from 
alcohol or ether. It contains halogen. It is sparingly soluble in 
water, readily so in cold, and very easily soluble in hot alcohol, 
but sparingly so in ether. Its alcoholic solution gradually becomes 
purple when exposed to the air. 

Found: C = 43'0; H = 39; N=21’9. 

OjHjNjBr (253'1) requires C=42 7 ; II --3*6; N = 221 per cent. 

01 22 Gram mixed with an excess of hydrochloric acid and 
evaporated to dryness gave O’ 153 gram of salt, which is therefore 

* The method employed for the extraction of guanidine carbonate is 
unsuitable, and it is probable that a considerable proportion remained behind 
with the sodium carbonate. 



m 


FARGHER AND FYMAN ; 


a dihydrochloride (calc, yield, 0T57 gram). This salt crystal^ 
from water in elongated leaflets, which, after drying at 100°, melted 
and decomposed at 245° (corr.) after sintering earlier. The 
(di)picrate crystallises from water in woolly needles, which melt 
at 226° (corr.), and are sparingly soluble in hot, very sparingly Ro 
in cold water. 

The base decolorises potassium permanganate instantly in cold 
dilute sulphuric acid solution, and gives a Burgundy-red coloratiou 
with sodium diazobenzene-p-sulphonate in aqueous sodium 
carbonate. When dissolved in dilute hydrochloric acid and mixed 
with sodium nitrite, it yields a colourless, crystalline precipitate, 
but the product — crystals and mother liquor— when poured into 
alkaline j9-naphthol gives no coloration. 

When an aqueous solution of the hydrochloride is mixed with 
sodium acetate and benzaldehyde, a turbid, yellow solution is pro- 
duced— evidently owing to the formation of a benzylidene 
compound. 

The composition and mode of formation of the base indicate that 
it is 2-p-bromobenzenehydrazoglyoxaline, or a substance resulting 
from this by the benzidine or semidine change. The formation of 
a dihydrochloride and a benzylidene derivative rule out the first 
suggestion, whilst the formation of the latter compound also 
eliminates the semidine-type formula III given below. This 
formula and the benzidine-type formula I are also incompatible 
with the behaviour of the compound on treatment with nitrous 
acid and sodium j3-naphthoxide, but the semidine-type formula II, 
representing 2 - 5 f -hromo- 2 t -aviinoanilinog : lyoxaJine y admits the 
possibility of o-diazoimine formation with nitrous acid, and is in 
harmony with all the observed properties of the compound (com- 
pare p. 223). 


Br; 


/“\ 

\ / 


NH q 


CH>N1-L XTt3 

-H_ n >onh 3 


(I.) 



CH-NH. 


>ONH„. 


(III.) 


2- A mmoglyoxaline (XII, p. 223). 

For the purification of 2-aminogIyoxaline, crystallisation of the 
stannichloride and hydrogen oxalate has proved to be useful. 

The free base can be obtained (1) from the hydrochloride by the 
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addition of an equivalent quantity of sodium carbonate, evapora- 
tion to dryness, and extraction with alcohol, and (2) from the 
hydrogen oxalate by treatment with aqueous barium hydroxide, 
removal of the excess of this by carbon dioxide, and evaporation 
0 f the solution under diminished pressure. In either case, it is 
obtained as a nearly colourless syrup which gradually turns brown 
on keeping. It is miscible with water and alcohol, sparingly 
soluble in chloroform, but hardly soluble in ether or benzene. 

The hydrochloride crystallises from absolute alcohol in long, 
colourless plates which melt at 152° (corr.). It is deliquescent, 
and readily soluble in cold, very readily so in hot absolute alcohol. 
Its aqueous solution reacts neutral to litmus. 

Found: C=30*2; H = 5-2; N = 34-7; CI-299, 

C S H 6 N 8 ,HC1 (119'5) requires C-30*.l; H=5*l; N^35*l; Cl = 29*7 
per cent. 

The stannichloride crystallises from two to two and a-half times 
its weight of 10 per cent, hydrochloric acid in prismatic needles, 
which are anhydrous and melt at 286° (corr.). It is readily soluble 
in water. 

Found: Cl =42*4. 

(C 3 H 5 N 3 ) 2 ,H 2 SnCl 6 (499 6) requires Cl=42 6 per cent. 

The nitrate separates from water in large, transparent tablets, 
which are anhydrous, and, after drying at 100°, sinter from about 
125° and melt at 135 — 136° (corr.). 

Found: N = 38'2. 

C 8 H 5 N 3 ,HN0 3 (146*1) requires N-38-4 per cent. 

The hydrogen oxalate crystallises from water in large, colourless 
tablets, which are anhydrous and melt and effervesce at 211° (corr.). 
It is sparingly soluble in cold, readily so in hot water. 

Found: N = 24*0. 

C 3 H 5 N 3 ,C 2 H 2 0 4 (173*1) requires N = 24’3 per cent. 

The picrate separates from water in long, glistening, silky 
needles, or in short, prismatic needles, both melting at 236° (corr.) 
after drying at 100°. It is sparingly soluble in cold, fairly readily 
so in hot water. 

Reactions of 2~Aminoglyoxaline. — 2-Aminoglyoxaline hydro- 
chloride dissolved in dilute aqueous copper sulphate gives on the 
addition of sodium hydroxide a green precipitate, which rapidly 
darkens and becomes purple-brown. The same precipitate — 
evidently a copper salt — is obtained eventually with Fehling's solu- 
honj no reduction of this solution takes place even on boiling, 
- Aminoglyoxaline nitrate in aqueous silver nitrate gives a white 
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precipitate on the addition of ammonia ; this precipitate is soluble 
in excess of ammonia, and the solution deposits metallic silver on 
heating, 

2-Aminoglyoxaline hydrochloride in aqueous solution decolorise; 
aqueous potassium permanganate instantly ; with ferric chloride, it 
gives no coloration. With sodium diazobenzene-p-sulphonate in 
aqueous sodium carbonate, it gives a deep red colour. On the 
addition of sodium nitrite to aqueous 2-aniinoglyoxaline hydro- 
chloride, a clear, yellow solution is produced which gives a soluble,, 
brownish cherry-coloured dye wit-h /3-naphthol in aqueous sodium 
hydroxide. An aqueous solution of 2-aminoglyoxaline hydro- 
chloride mixed with dilute aqueous sodium nitroprusside gives, on 
the addition of sodium hydroxide, a deep blue colour, which slowly 
changes to a bright chestnut on keeping. 

2-Aminoglyoxaline is very stable towards hot acids aud alkali?, 
When boiled with 10 per cent, aqueous sodium hydroxide, no 
ammonia is evolved, and it can be recovered unchanged from the 
solution. It can be recovered mainly unchanged after heatino 
with concentrated hydrochloric acid for three hours at 170°, and 
even after three hours at 200° a small proportion can be recovered, 
together with ammonium chloride and other unidentified products. 

An aqueous solution of 2-aminoglyoxaline hydrochloride contain- 
ing an excess of sodium acetate gives no coloration or other evidence 
of the formation of a benzylidene derivative when mixed with 
benzaldehyde. 

2-/1 ce tylam in oyhjoxaUne was prepared by boiling 2-amino- 
glyoxaline hydrochloride with anhydrous sodium acetate and acetic 
anhydride for one hour, and mixing the product with aqueous 
sodium carbonate. It crystallises from water in small prisms which 
melt to a brown liquid at 287° (corr.), after sintering and darken 
ing from about 270°. It is anhydrous and sparingly soluble in 
cold water, but fairly readily so in hot water. 

Found: C=47*7; H=5*7; N=33'4. 

C 5 H 7 ON 3 (125-1) requires C=48*0; 11 = 5-6; N=33‘6 per cent. 

The reactions of this substance are described with those of the 
next compound, 

2- lie nzayl aminaylyofralin e was prepared by the Schotten-Ban- 
mann method. The crude product collected from the reaction 
liquor appears to be a di- or tri-benzoylaminoglyoxaline. After 
washing with ether to remove benzoic anhydride, it formed a nearly 
colourless, crystalline powder, which contained only a trace of 
chloride, but gave an odour of benzoyl chloride when boiled with 
dilute hydrochloric acid. When treated with a little hot alcohol, 
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it dissolved, and 2-ben zoylaminoglyoxaline crystallised from the 
hot liquor, whilst the mother liquor from this left an oil— appar- 
entlv ethyl benzoate— on distillation. 2-Benzoylaminoglyoxaline 
was purified by crystallisation from alcohol, from which it separates 
in glistening leaflets, melting at 227° (corr.) after sintering earlier. 
It. is sparingly soluble even in hot alcohol, and almost insoluble in 
boiling water. 

Found: C=63‘9; H = 4*9; N=22'4. 

C l(l H 9 ON 3 (187- 1) requires 0=641; H-4’9; N = 22 o per cent, 

2-Acetylaininogly ox aline and 2-benzoylaminoglyoxaline are 
soluble in dilute hydrochloric acid and in aqueous sodium hydr- 
oxide, but not in aqueous sodium carbonate. They give cherry- 
red solutions with sodium diazobenzene-p-sulphonate in sodium 
carbonate, but do not give colorations with sodium nitroprusside 
and sodium hydroxide. They do not change the colour of cold 
aqueous acid permanganate, but give green solutions with cold 
aqueous permanganate in sodium hydroxide solution. When mixed 
with hydrochloric acid and sodium nitrite, they do not couple with 
fi-iiaphthol in aqueous sodium hydroxide. 


The Ben ze n emo-i-m elh>/hjhj<>ntVin ea. 


37 '2 Grams of aniline in 100 c.c. of hydrochloric acid and 300 c.c. 
of water were diazotised with 28*8 grams of sodium nitrite in 
150 c.c. of water. The solution was run slowly into a solution of 
32 - fc» grams of 4-methylglyoxalme and 100 grams of sodium 
hydrogen carbonate in 2 litres of water at 10° and kept overnight. 
The orange precipitate was collected, washed well with water 
(filtrate F), and triturated successively with 500, 250, and 250 c.c. 
of 2*5 per cent, aqueous hydrochloric acid. The insoluble fraction 
formed a dark red powder, which amounted to 23' 2 grams, and 
decomposed at 175° after sintering from 160°. On crystallisation 
iroin 300 c.c. of alcohol, it gave 17-3 grams of pure 2 ib-bisbenzene- 
a:w-4 -in ethylgly opaline, the remainder of the material forming a 
black resin. 


The hydrochloric acid extract was basified with sodium carbonate, 
and gave 40’4 grams of a yellow^ crystalline powder, which 
sintered from 160° and decomposed at 195°. On crystallisation 
fiom 400 c.c. of alcohol, it gave, successively, 13*1 grams melting 
at 23o°, 3 9 grams melting at 232°, which both gave o-benzeneazo- 
4 -w eth ylgl tjoxaline, on recrystallisation, then 7’ 4 grams melting at 
l"o°, which gave 2-6 cnseneazo-A-mc t hylglyoxal inc on recrystallisa- 
Uon, then 12*4 grams of a mixture of the two compounds. 
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Owing to the formation of the bis-compound in the above rea& 
tion, the benzenediazonium chloride employed was insufficient to 
combine with the whole of the methylglyoxaline present, and it 
calculated that 10*5 grams of this remained in the filtrate b\ This 
was accordingly treated with a diazo-solution prepared from ll-g 
grams of aniline, and gave further quantities of the substances 
described above, 5 ‘3 grams of the bis-compound and 5*6 grams of 
5-benzeneazo-4-methylglyoxaline being obtained in a nearly p ure 
state. 

2'BenzeneazO'i-methylglyoxaline (XIV, p. 224) crystallises from 
alcohol in orange prisms, which melt at 185° (corr.). 

Pound: C=64'8; H=5’6; N=30’l. 

C 10 H, 0 N 4 (185*2) requires C = 64*5j H-5-4; N=30*l per cent. 

5-Benzentazo-k-mcthylglyoxaline (XVIII, p. 224) crystallises 
from alcohol in flat, glistening, copper-coloured needles, which melt 
and decompose at 240° (corr.). 

Found: C=64*5; H=5*6; N=300. 

C 10 H 10 N 4 (185*2) requires C=64*5; H = 5*4; N=30*l per cent. 

2:5-BwbenzeneazoA-methylglyoxalinc separates from alcohol in 
prismatic needles and from ethyl acetate in cubes. Both forms are 
garnet-red in colour and melt and decompose at 206° (corr.). 

Found: 0-660, 65*9; H=5*l, 51; N=28*8, 28 8. 

Cj 6 H ]4 N 6 (290*2) requires C=66*2; H-4*9; N = 29'0 per cent. 

. This substance is readily soluble in alcohol, ethyl acetate, or 
acetone, fairly readily so in chloroform, but sparingly so in ether 
or benzene. 

It is soluble in aqueous sodium hydroxide, and is reprecipitated 
unchanged on the addition of acetic acid. It is only very sparingly 
soluble in dilute hydrochloric acid. When boiled with 10 per cent, 
aqueous hydrochloric acid, it is quickly resinified with effervescence, 
doubtless due to nitrogen, and the production of an odour of phenol. 


Reduction of 2-BenzeneazoA-methyhjlyoxaline with Stannous 
Chloride. 

1*5 Grams of 2-ben? eneazo-4-rnet.hylglyoxaline gave 1*4 grams or 
2-amino-5-p-aminopheifyI-4-iiiethylglyoxaiii; > e dihydrochloride when 
reduced with stannous chloride in the manner previously described 
for the lower liomeloguc (p. 238). 

2-d m ino h-p-amin o ph emjl - 4 - methyl yfyo.ralinc dihydrochhrnh 
crystallises from water in diamond-shaped plates, which are 
anhydrous and do not melt below 300°. It is readily soluble in 
cold, very readily so in hot water. 
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Found: C=46-0, 45-9; H=5;5, 5-5. 
q 0 Hi«N 4 ,2H Cl (201*0) requires C=46*0; H = 5'4 per cent. 

When boiled with an excess of aqueous sodium carbonate and 
animal charcoal, it yields the monohydrochloride , unlike the lower 
homologue, which yields the corresponding base under this treat- 
ment. 

The monohydrochloride crystallises from alcohol in flat needles 
which sinter at about 80°, become discoloured rapidly about 240°, 
a nd melt at 260° (corr.). It is readily soluble in hot water or 
alcohol, less so in these solvents when cold. 

Found, in air-dried base, loss at 60° in a vacuum, 13*2, 13*3. 

^ 10 ^ 12 ^ 4 , 2 Cl, 2JH 2 0 requires loss of 2H 2 0 = 13*4 per cent. 

Found, in b'ase so dried: C=51*5; H=5*6; N = 24*0, 24*0; 
Cl = 14*9. 

C|„HijN 4 ,HC14H 2 0 (233-7) requires C=514; H=--6-0; N = 240; 

Cl = 15*2 per cent. 

The dipicrate forms glistening, yellow needles, which melt and 
decompose at 255° (corr.) after darkening earlier. It is very 
sparingly soluble even in boilijig water. 

An aqueous solution of the hydrochloride reduces cold 
ammoniacal silver nitrate. It gives, with Fehling’s solution, a 
greyish-green precipitate, which becomes pale brown on boiling the 
liquor; with cold aqueous acid permanganate, instant reduction; 
with sodium diazobenzene-p-sulphonate, a pale orange colour, which 
deepens on keeping; with hydrochloric acid and sodium nitrite, an 
orange-yellow solution, which yields a sparingly soluble claret dye 
when added to a solution of jS-naphthol in aqueous sodium hydr- 
oxide. On the addition of sodium hydroxide to an aqueous solu- 
tion of the hydrochloride and sodium nitroprusside, an orange 
colour is produced, which changes to green on the addition of 
acetic acid. 

The diacetyl derivative was prepared by the action of sodium 
acetate and acetic anhydride on the dihydrochloride, and was 
purified by crystallisation of the hydrochloride. 

2-Acetylamino-b-p-acetylaminophcnyl-i-mefhylf/hjOxaline hydro- 
chloride crystallises from water in felted, silky needles, which are 
sparingly soluble in cold water, contain 4H 2 0, and, after drying at 
100°, melt and decompose at 303° (corr.). 

Found, in air-dried salt, loss at 100° --19*0. 

0 14 H 5fi 0 2 N 4 ,HCl,4H,6 requires ILO -18 9 per cent 

Found, in salt dried at JO0°, Cl = 11*4. 

C^O^HCl (308*7) requires 01 = 11-5 per cent 
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On adding ammonia to an aqueous solution of the hydrochloric 
the base was precipitated in minute, glistening needles, which, aft e j 
drying at 100°, melted to a red liquid at 280° (corr.). 

Monabenzylidene Derivative . — To 0-5 gram of the dihydro, 
chloride in 5 c.c. of water there were added, first, 0*55 gram of 
sodium acetate in 5 c.c. of water, and then 0*5 c.c. of benzaldehvde 
and the mixture was stirred. A yellow colour was developed,^ 
the aqueous liquor became turbid and gradually deposited crystals 
On adding a few drops of acetic acid and ether, the quantity 0 f 
crystals was increased. They were collected and washed wiUi 
water and ether, when there remained 0*5 gram of a pale yellow 
crystalline powder, which proved to be the acetate of 2-amino-o^. 
bemylideneaminophenylA-rnethylcflyoxaline. When dried at 100°. 
it melts and decomposes at 208° (corr.), after sintering and darken- 
ing earlier. 

Found, in substance dried in a vacuum, C=67‘2; H =6 2: 

N = 16'2.* 

C l7 H 1(i N 4 ,C 2 H 4 0 2 (336*3) requires C=67*8; H = 6*0; N-16*7 
per cent. 

This salt is very sparingly soluble in cold water, but slightly a 
in boiling water, with which, however, it gives an odour of bem- 
aldehyde, and thus appears to suffer hydrolysis. When mixed with 
aqueous sodium carbonate, it yields the base as a deep yellow, in- 
soluble gum, which could not be obtained in crystalline form. 
^When the acetate is moistenel with 10 per cent, aqueous hydro- 
chloric acid, it turns red, but does not dissolve until the mixture 
is warmed, when the red colour disappears. 


Reduction of 2'BenzeneazoA-methylglyoxaUne with Zinc Dust flfld 
Acetic Acid. 

Two grams of the azo-compound were reduced by the method 
applied to the lower homologue (p. 241) and worked up in the same 
manner as far as the removal of the aniline by extraction with 
ether. The solvent removed 0*65 gram of crude aniline. The 
alkaline liquor remaining was acidified with hydrochloric acid, 
evaporated to dryr 4ss, and extracted with absolute alcohol, when 
1*4- grams of brown syrup were removed. This, when dissolved in 
a little absolute alcohol and kept, deposited 0*7 gram of nearly 
pure alacreatinine hydrochloride. 

This was converted into the picrate, when a very small quantity 
of 2-amino-5-^-arninophenyI-4-methy]glyoxaline dipicrate separated 

* The substance left a trace of ash on combustion. 
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from the hot solution, whilst, on cooling, alacreatinine picrate 
stallised out. After recrystallisation, the salt was obtained in 
a pure state, and was converted into the base and hydrochloride by 
the usual methods. 

Alacreatinine crystallises from water in stout, elongated prisms 
hich resemble carbamide, and contain 1H 2 0, as previously stated 
by Baumann (Annalen, 1873, 167, 83). After drying at 100°, it 
melts at 222—223° (corr.). (Found, in air-dried salt, H 2 0 = 13‘6. 
Calc ‘ 13*7. Found, in dried salt, C=42’4; H~6'3; N = 36*9. 
Calc.: C=42*5 ; H = 6*2; N = 371 per cent.) 

It does not give WeyVs reaction, and does not reduce cold 
aqueous acid permanganate, but gives a green solution with cold 
alkaline permanganate. 

The hydrochloride crystallises from absolute alcohol in clusters 
of prisms, which are anhydrous and melt at 202 — 203° (corr.). It 
is very readily soluble in water, sparingly soluble in cold, fairly 
readily so in hot alcohol. 

Found: 0 = 236. 

C 4 H 7 0N 3 ,HC1 (149*6) requires Cl = 23*7 per cent. 

The picrate separates from water in yellow, prismatic needles, 
which are anhydrous and melt and decompose at 212° (corr.) after 
sintering from about 200°. It is sparingly soluble in cold, fairly 
readily so in hot water. 

Found: N = 24*5. 

C 4 H 7 0N 3 ,C 6 H 3 0 7 N 3 (342*2) requires N~24*6 per cent. 


deduct ion of 5-Benzen eozoA-m e thylgl y oral ine with Stannous 
Chloride. 

Fourteen grams of the azo-compound were dissolved in a boiling 
mixture of 70 c.c. of 10 per cent, aqueous hydrochloric acid and 
140 c.c. of water, and mixed with 80 c.c. of stannous chloride 
solution. The crystalline and residual tin salts were separated as 
in the experiments described earlier, and decompcoed separately 
by hydrogen sulphide. The crystalline salts gave a solution of 
hydrochlorides, which, when evaporated nearly to dryness and mixed 
with alcohol, left 6*1 grams of ammonium chloride undissolved. 
(Alcoholic mother liquor — A.) The residual salts gave a solution 
of hydrochlorides, which on concentration deposited l*7 + 0‘ 5 grams 
of the hydrochloride , C 9 H ](J 0N 9 ,HC1, described below, and on 
further concentration and addition of alcohol gave 1*5 grams of 
ammonium chloride. The alcoholic mother liquor was combined 



254 


FAEGITRR AND PYMAN : 


with A , and gave 4*7 grams of aniline, together with 3-8 grams of 
a brown, gummy, hydrochloride. This was a mixture from wliid, 
only very small quantities of crystalline compounds were isolate,] 
by various methods of treatment. 

The hydrochloride , C.,H 10 ON 2> HC1, crystallises from water | n 
colourless, transparent, rectangular tablets, which melt and 
effervesce at 308° (corr.) after sintering and darkening earlier, p 
is readily soluble in hot, less so in cold water, giving a solution 
which is strongly acid to litmus. 

Found, in air-dried salt, loss at 110° = 1*7. 

Found, in salt- dried at 110°: C=54*8, 54*8, 55*0; H = 5*9. 5-0 
5’2; N — 13'5; Cl-17-2. 

C,H io ON 2 ,HC1 (198*6) requires 0-54*4; H = 5*6; N=-14T ; 

Cl = 17 ‘8 per cent. 

The corresponding base is obtained by adding ammonia to a con- 
centrated aqueous solution of the hydrochloride. It crystallise 
from water in brilliant, elongated prisms, which are anhydrous and 
melt, at 185° (corr.). 

Found: C=66*6, 66*1; H = 6*2, 6*1; N = 17*8, 17-2. 

C 9 H 10 ON 2 (162-1) requires 0 = 66*6; H = 6*2; N = 17-3 per cent. 

The base is more readily soluble in dilute aqueous sodium hydr- 
oxide than in water. With silver nitrate it yields a white pre- 
cipitate, which dissolves on the addition of ammonia; on boiling 
this solution, no reduction takes place. The base does net reduce 
Fehling's solution on boiling. 

It is stable towards cold aqueous acid potassium permanganate, 
but slowly reduces cold alkaline permanganate, giving a green 
solution. It gives no coloration with sodium diazobenzene-^ 
sulphonate in aqueous sodium carbonate. When dissolved in 
hydrochloric acid and mixed with sodium nitrite, it fails to couple 
with /3-naphthol in aqueous sodium hydroxide. The hydrochloride 
is recovered slightly charred, but otherwise unchanged, after the 
action of concentrated hydrochloric acid at 170° for two and a-half 
hours. 

The quantity of this compound available was insufficient for the 
determination of it: ^constitution, and we are consequently unable 
to offer any suggestion as to how one of the carbon atoms of the 
starting material has been eliminated. It is perhaps worth record- 
ing that the formula C 9 TT i0 ON 2 is that- of a phenyldihydro* 
glyoxalone. 
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deduction of §-Benztn c.azoA-meth t/lgh/mali » r with Zinc Dust 
and Acetic Acid. 

Ten grams of the azo-compound were dissolved in 150 r.c. of 
boiling 50 P er acet, i c ac id an d reduced by adding gradually 
10 trains of zinc dust. After removing the zinc as sulphide, the 
liquor was mixed with 20 c.c. of hydrochloric acid, evaporated to 
a syrup, and mixed with alcohol, when 1*3 grams of ammonium 
chloride were collected. The alcoholic mother liquor was deprived 
of the solvent, dissolved in water, mixed with sodium carbonate, 
and shaken with ether, when 1*6 grams of the base, C^H^ON^, 
descried below, separated as a nearly colourless, insoluble, crystal- 
line powder. The ethereal solution left on evaporation 3‘3 grams 
of aniline. From the alkaline liquor, 5*5 grams of a mauve varnish 
were obtained, from which only small quantities of crystalline sub- 
dances could be isolated by various methods of treatment. 

The hmc. C lfl IInON s , crystallises from water in small, colour- 
less, glistening, rhomboidal plates, which are anhydrous and melt, 
al 265° (corr.). It is very sparingly soluble in cold water, rather 
more readily in boiling water. 

Found: C=63*7; H = 6*2; N = 22*0. 

C, 0 HijONj (189*2) requires C = 63*5; H=o*9; N = 22*2 per cent. 
The hydrochloride crystallises from absolute alcohol in trans- 
parent, oblong plates which melt at 206 — 208° (corr.). It is 
readily soluble in water, concentrated hydrochloric acid, or hot 
alcohol. Its aqueous solution reacts strongly acid to litmus. 

The base dissolves slowly in cold 10 per cent, aqueous Adium 
hydroxide, readily on warming, and a well -crystallised sodium salt 
separates from the solution in prismatic needles. This salt is 
decomposed by carbon dioxide with the regeneration of the base. 
A solution of the base in aqueous sodium hydroxide gives with 
Fehling’s solution no change in the cold, but a green precipitate 
on boiling. A solution of the base in nitric acid gives no pre- 
cipitate with silver nitrate, but on the addition of ammonia a 
white precipitate, which dissolves on heating the solution, reappears 
on cooling, and is soluble in excess of ammonia. An aqueous solu- 
tion of potassium permanganate is unaffected by a solution of the 
base in sulphuric acid, but turns green with a solution of the base 
in aqueous sodium hydroxide. The base does not couple with 
sodium diazobenzene-^sulphonate in aqueous sodium carbonate, 
and when dissolved in hydrochloric acid and mixed with sodium 
nitrite does not couple with sodium /hnaphthoxide, 

When the hydrochloride is heated with concentrated hydrochloric 



256 


FARGHER A^D PITMAN .* 


acid for two and a-half hours at 170°, it is decomposed, with 
formation of ammonium chloride and a hydrochloride, which 
crystallises from alcohol in plates, melting and decomposing 
about 280° (corr.). 

A-BenzeneazO'2-met hylglyoxalin e . 

This was prepared by the action of benzenediazonium chloride 
on 2-methylglyoxaline in aqueous sodium carbonate. The crude 
product readily resinified when boiled with alcohol, and only a 
small proportion was obtained in a pure state. It forms brick-red 
prisms, which melt at 158° (corr.) and are very readily soluble in 
alcohol. 

Found: C = 64‘3; 11 = 5*7; N = 30*0. 

C 10 Hj 0 N 4 (186*2) requires C = 64*5; 11 = 5*4; N = 30*l percent. 


4-p -Bromo benzen eazo-2-m e thylglyoxaH ne . 

This was prepared in good yield by the action of p-bronio 
benzenediazonium chloride on 2-methylglyoxaline in aqueous 
sodium carbonate. It crystallises from absolute alcohol in red, 
rhomboidal prisms, which are anhydrous and melt and decompose 
at 200° (corr.). 

Found: N = 21*0. 

C 10 II 9 N 4 Br (265*1) requires N = 21*l per cent. 

From ordinary alcohol, it separates in elongated prisms, which 
lose 2*2 per cent, of water at 60° in a vacuum. This hydrated 
form melts at about 135° when heated quickly, and softens at this 
temperature when heated slowly, finally melting at about 190° 
It can be dehydrated by crystallisation from absolute alcohol. 

The reduction of this compound with either stannous chloride or 
zinc dust and acetic acid led to mixtures of products, from which 
no crystalline compounds except y?*bromoaniline and ammonium 
chloride could he isolated. 

r 

2-Phenyi-i J p-bi omobenzeneazagly opaline. 

8'6 Grams of ^-bromoaniline w*ere diazotised and the liquor added 
to 7*2 grams of 2 -phenyl glyoxaline and 70 grams of hydrated 
sodium carbonate in 4 litres of water at 8°, the solution being 
Vigorously stirred during the addition. Separation of an orange 
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precipitate began At once, but was not complete until forty-eight 
| hours had elapsed. The crude product was crystallised front 
| a ] c ohol f and gave 13 grams of the pure azo-compound. 

I y.phenylA-p-broviobcftieneazOfjlyoxtdine crystallises from alcohol 
: in clusters of fine, orange needles, which melt at 201° (eorr.), and 
. are anhydrous. 

Found: N = 16*9. 

CjjHnN 4 B r (327*1) requires N — 17*1 }ier cent. 


Bed action of y-FhenyUl-y-bronwbetizeneazvylyumlinc with 
•Stannous Chloride : Formation of a Base, C 15 H ]3 N 4 Bi\ 

Two grams of the azo-compound were suspended in 20 e,e. of 
boiling 5 per cent aqueous hydrochloric acid and mixed with 
10 c.c. of stannous chloride solution. The solution was filtered 
quickly from a little resinous matter aud mixed with 20 c.c, of 
concentrated ‘hydrochloric acid, when a crystalline tin salt 
separated. This was deprived of tin, and the filtrate was 
evaporated to a small volume, when 0*85 gram of a crystalline 
hydrochloride separated. 

This hydrochloride crystallises from dilute hydrochloric acid in 
nearly colourless needles, which, after drying in a vacuum, melt 
and decompose at 255° (corr.) . 

Found: C=-45*0; H = 3*8; N-13‘7. 

(\,H l3 N 4 Br,2HCl (402'0) requires C — 44 8; 11-3-8; N = 13‘9 
per cent. 

0*1530 gave, by Carius’s method, 0*1750 AgCl + AgBr. Calc., 
01806. 

It is sparingly soluble in cold water, more readily so in hot 
water. The aqueous solution gradually acquires a purple colour 
in the air or on the addition of acidified aqueous potassium per- 
manganate. In the presence of an excess of hydrochloric acid, 
aqueous solutions are stable in the air. Sodium carbonate or 
ammonia precipitate the base as a grey, flocculent precipitate which 
is soluble in ether, the ethereal solution rapidly assuming a purple 
colour. On the addition of sodium hydroxide to an aqueous solu* 
tion of the hydrochloride, a pale purple solution results. On add- 
ing sodium diazobenzene p-sulphonate to a dilute solution of the 
compound in the presence of sodium carbonate, a dull purple 
colour is produced. An aqueous solution of the hydrochloride con- 
taining an excess of hydrochloric acid gives on the addition of 



258 


FAKGHER AND PYMAN !* 


sodium nitrite a deep orange solution, • which yields a sparingly 
soluble purple dye with sodium jS-naphthoxide. On mixing a So ^ 
tion of the hydrochloride in dilute acetic acid with sodium acetal* 
and benzaldehyde, there is evidence of the formation of a benzy] 
idene derivative. When an aqueous solution of the hydrochloric 
is mixed with sodium nitroprusside, a pale buff precipitate jj 
formed, which dissolves in sodium hydroxide, giving a deep red 
solution. 

The triacetyl derivative was obtained by heating the hydro- 
chloride for one hour on the water-bath with an excess of acetic 
anhydride and anhydrous sodium acetate. On heating the product 
with aqueous sodium carbonate, it separated as a slate-grey, crystal- 
line powder, which did not melt at 300°. 

Found: C = 55'2; H=4*l; N = 12*6, 12*7; Br = 17*3. 

C 21 H 19 0 3 >T 4 Br (455*2) requires C= 55*4; H=4*2; N = liP3; 

Br=17*6 per cent. 

It is almost insoluble in boiling water or alcohol, and does not 
dissolve in dilute acids or in aqueous sodium hydroxide. 

From its mode of formation, composition, and properties, it is 
clear that the hydrochloride, C 15 H 13 N 4 Br,2HCl, arises from 
2-phenyl-4-p-broniobenzenehydrazoglyoxaIine by a change of the 
semidine or benzidine type, but it is not possible to decide definitely 
without further evidence which of the three formulae given below 
represents its constitution. 



B < 


/ NH 2 qH’NH 


NH- 


>CPh 


NH„ NH, 


§-*> CR * 


2-p-6 f ulphob enzen eazoglyoxaUne - 4 : 5 -dicarboxylic Acid 
(XX, p. 226). 

20*8 Grams of sulphanilic acid were converted into diazobenzene- 
p-sulphonic acid, pid the moist crystals (representing about 
20 grams of dry substance) were added to a cold solution of 16 
grams of glyoxaJine-4 : 5-dicarboxylic acid in 240 c.c. of 10 per 
cent, aqueous sodium hydroxide. After keeping for one and a-haK 
hours, the liquor was mixed with sufficient glacial aeetio acid 
(36 c.c.) to neutralise the alkali, cooled, and kept for half an hour, 
when a mass of silky, yellow needles — the disodium salt of the new 
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acid, separated. These were recrystallised twice from 200 c.c. of 
water, and finally dissolved in 150 c.c. of hot water and mixed with 
50 c.c. of hydrochloric acid, when 12 grains of 2-p-sulphobenzene- 
azoglyoxaIine-4 : 5-dicarboxylic acid separated in red, microscopic 
prisms mixed with some smaller crystals of glyoxaline-4 : 5-dicarb- 
oxylic acid, from which it was purified by fractional crystallisation 
from water. 

The acid separates from water with 2H 2 0, which is lost at 130° 
in a vacuum, but not at 100 — 110° under normal pressure. 

Found, in air-dried substance, loss at 130° in a vacuum = 10'0 ; 

C = 35‘5.; H — 3‘3; N = 15’l; S=8-2. 

C n H 8 0 7 N4S,2H 2 0 (376*2) requires H. 2 0 = 9-6; C = 35 * 1 * H-3'3 ; 

N = 14*9; S — 8*5 per cent. 

It is sparingly soluble in cold water, but readily .so in hot. It 
is soluble in aqueous alkalis, but not more soluble in dilute aqueous 
mineral acids than in water. 

The disodium salt separates in yellow, silky needles, which con- 
tain 3H 2 0, when the acid is dissolved in aqueous sodium hydr- 
oxide and sufficient acetic acid is added to combine with the alkali. 
It is readily soluble in hot water, somewhat sparingly so in cold. 

Found, in air-dried salt, loss at 100° = 116, 12*6. 

C n H 6 0 7 N 4 SNa 2 ,3H 2 0 (438*2) requires 3H 2 0 = 12 3 per cent. 

Found, in salt dried at 100°, 8 — 8'2; N'--H‘7. 

CuIlflOj-I^SNag (384*2) requires S— 8*4; 12*0 per cent. 


Reduction of 2 - p - Sul phobenzeneazoyl t/oxcdine - 4 : 5 -dicarboxylic 
Add: Formation of %Avunogi yoxaline-i : O-dicarboxyl ic Acid 
(XXI, p. 226), 

6 2 Grams of the disodium salt were dissolved in 60 c.c. of 10 
per cent, aqueous sodium hydroxide, mixed with 12 grams of sodium 
hyposulphite (80 per cent.), and boiled. The nearly colourless 
solution was kept overnight, acidified with hydrochloric acid, 
boiled, and filtered hot, when T6 grams of crude 2-aminoglyoxaline- 
4 : 5-dicarboxylic acid separated. This was purified by solution in 
aqueous sodium hydroxide, filtration, and reprecipitation with 
hydrochloric acid, and finally crystallised from about 500 c.c. of 
dilute hydrochloric acid. 

2-d minoghfoxaUneA : 5-dicarboxylic acid forms minute, pale 
buff needles, which effervesce at 245° (corr.) and then melt. It is 
\ery sparingly soluble in cold water, a little more readily in hot. 
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Found, in substance dried at 110°, C-54-6; H = 3*2; N=24 6 
C 5 H 5 0 4 N 3 (171*1) requires C = 35*l; H = 30; N = 24*6 percent 
It is soluble in aqueous alkalis, but not appreciably more soluble 
in dilute acids than in water. An aqueous solution, acidified with 
sulphuric acid, decolorises cold aqueous permanganate instantly 
When treated with hydrochloric acid and sodium nitrite and 
poured into a solution of /hnaphthol in aqueous sodium hydroxide 
it gives a reddish-brown colour. With sodium diazobenzene 
sulphonate in aqueous sodium carbonate, it gives a reddish-brown 
colour. It does not give any characteristic colour with sodium 
nitroprusside and sodium hydroxide. 

Action of Water at 170°, — After a preliminary experiment in 
which it was found that the product contained ammonium 
carbonate, 1*33 grams of the acid and 30 c.c. of water were heated 
in a sealed tube for twelve hours at 170°, when a dark brown 
deposit formed. After adding alkali and distilling into standard 
acid, 0*157 gram of ammonia was found, whereas 0*132 gram repre- 
sents the liberation of one molecular proportion. From the resi- 
due of the distillation, small quantities of a crystalline picrate were 
isolated, hut in insufficient amount for characterisation. 

Action of Boiling Aniline. — 0*9 Gram of the acid was boiled 
with 10 c.c. of aniline for six hours under a reflux condenser, in 
♦ which a small quantity of ammonium carbouate collected. The 
product was distilled with steam to remove aniline, and left a 
pale brown, aqueous liquor containing some resinous matter. The 
liquor was cooled, filtered, and mixed with cold saturated aqueous 
picric acid, when 1*0 gram of a crystalline picrate, melting al 
about 215°, was obtained. After crystallising this from water 
twice, it gave 0*4 gram of '2-aminoglyoxaline picrate, melting at 
234° (corr.), the pure substance melting at 236°, and a mixture 
of the two at 234° in the same bath. From the picrate, the hydro- 
chloride and stannichloride were prepared, and identified as the 
salts of 2-aminoglyoxaline previously described. 

The Wellcome Chemical Research Laboratories, 

London, E.C.l. 


[Received, February 1th, 1919.1 
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Products of the Action of the Silent Electric Discharge 
Acetylene. H. P. Kaufmann ( Annalen , 1918, 417, 34—59). — 
After giving a resume of previous work on this subject, the author * 
describes in detail his own apparatus, photographs of which are 
triven. The essential part consists of two concentric glass tubes 
about 75 cm. long having a space of 5 mm. between their walls. 
The interior of the inner tube is silvered, and through it a rapid 
stream of cold water is passed. The outer tube is immersed in 
dilute sulphuric acid, in which is a cooliDg coil. Electrical con- 
nexion is made between the silvered surface and the sulphuric acid 
with the poles of an induction coil operated by a high-frequency 
machine (230—250 volts, 2-5—3 amperes). A stream of acetylene 
is passed between the tubes, and all air in the apparatus must 
be completely displaced by the acetylene before the silent dis- 
charge is passed. When the reaction vessel is allowed to get 
warm the product is a mixture of a solid and a liquid, but if 
the vessel is kept cold, a liquid product only is obtained, which 
collects at the bottom of the vessel at the rate of about 30—50 
gr ams per hour. The liquid is a brown, viscous oil having an un- 
pleasant odour. It has the composition (C a H 2 ) x and is very 
unstable, changing by warming, by keeping m solution, or by the 
attack of almost any chemical agent into the solid, which appears 
to be identical with that described by de Wilde (Ber., 1874, 7, 
357). The liquid decomposes and carbonises above 100°, but a 
small quantity distils at 70°/ 10 mm., which is a mixture of several 
substances j the residue in the flask changes to a plastic mass, which 
ultimately becomes brittle. 

The solid product obtained in the warm reaction vessel is more 
conveniently obtained by warming a solution of the liquid product 
in ether at about 60°. It is a pale yellow, odourless powder, which 
is insoluble in all solvents. 

Both the liquid and the solid rapidly absorb oxygen, and it is 
only during such absorption that they produce any action on a 
photographic plate. 

The solid does not react with a dilute solution of bromine under 
ordinary conditions, but is attacked by more concentrated solu- 
tions, hydrogen bromide being evolved. The liquid readily absorbs 
bromine, best in solution in carbon tetrachloride, a pale yellow 
powder being obtained, the composition of which appears to be 
(C,II 2 Br)., 8 , assuming it to be an individual substance. 

A 98% alcoholic solution of silver nitrate produces with a solution 
of the liquid product in carbon tetrachloride a pale yellow, floccu- 
lent precipitate of a silver derivative, which explodes on heating ; 
the presence of a :CH group in the liquid product is thus indicated. 
By boiling with 47% nitric acid, the solid product yields nitro- 
vql. cxvi. i 7 
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compounds of high molecular weight, together with a little benz ' 
acid. By oxidation with alkaline permanganate, the liquid d 
duct yields benzoic, ^ophthalic, and terephthalic acids. The 
three acids are obtained, although with much greater difficulty \! 
oxidising the solid product with alkaline permanganate. C S ^ 

Allyl Alcohol. H. J. Stritab (. Monatsh ., 1918, 39, 617- 626) 

Bromine is quantitatively absorbed by allyl alcohol whether the 
former is in excess or not; the reaction is suitable for the exact 
quantitative estimation of allyl alcohol, which may be effected 
either by direct titration with bromine water until a permanent 
yellow coloration is obtained, or by treating the acidified aqueou* 
solution of the alcohol with an excess of bromide-bromate solution 
followed by addition of potassium iodide and titration of the 
liberated iodine with sodium thiosulphate (compare Stritar and 
Zeidler, A., 1904, ii, 686). 

When brornination is effected in dilute aqueous solution about 
47*5% of the added bromine is immediately and spontaneously 
eliminated as hydrogen bromide. Elimination of the second 
bromine atom (exchange for hydroxyl) occurs slowly and incom- 
pletely in acid solution, small amounts of aeraldehyde being formed. 
Practically the whole of the bromine is removed when the product 
is heated under pressure at 100° with the calculated quantity of 
potassium hydroxide (or with a 10% excess); the yield of glycerol 
is about 97% of that theoretically possible. The small deficiency 
is caused by the formation of a volatile, saturated bromide which 
is fairly resistant to alkali. H. W, 

The System Ethyl Ether-Chloroform. A. Smits and V. S. F. 

Berckmans ( Proc . K. A lead. Wetensch . Amsterdam, 1919, 21. 
401 — 404). — A ‘melting-point curve for various mixtures of ethyl 
ether and chloroform has been determined. The curve shows that 
an equijnolecular compound is formed (m. p. — 94'4°), as was stated 
by Dolezalek and Schulze ^A., 1913, ii, 108), but, in addition, two 
oiher compounds, (i) a compound made up of two molecules of 
chloroform and one molecule of ethyl ether (m. p. —93*3°), and 
(ii) one made up of two molecules of ethyl ether and one of chloro- 
form. The latter compound does not melt, but dissociates at 
-113‘8° into the equimolecular compound and ethyl ether. 

J. F. S. 

Physical Consents of 11 Mustard Gas M -Dichloro ethyl 

Sulphide]. Leason H. Adams and Erskine D. Williamson [l 
Washington Acad. Sci. } 1919, 9, 30 — 35). — The compressibility of 
/W-dichloroethyl sulphide has been determined over the pressure 
range 392 — 1713 megabars at Sl^ 0 by the method previously 
described (this vol., ii, 98). The compressibility is represented 
by the equations Azi/'R 0 =4 , 24 x 10" 5 (P-P 0 ) -6-3 x 10' 5 (P-^o)* 
and — Av/v 0 = 0118(l — «-o-364xio-3(p-j» 0 ))^ Differentiating this, the 
relationship ~dv I dP = i9'bc~°' mxl(hip * The compressibility at 
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p = 0 is 49*5 x 10" 6 per megabar, and at 1000 megabars it is 
344 x 10- 6 per megabar. The freezing pressure and volume change 
were also determined at a few temperatures, and the following 
results obtained : 


Temp. 

Freezing pressure. 
Megabars. 

13-9 

1 

21-9 

570 

29-6 

1110 

31-4 

1210 

38*9 

1800 


(F 4 -7,c.c,) 

dP'dT' 

0-054 

68 

0 050 

71 

0-047 

74 

0-042 

77 


The latent heat of fusion per gram is found to be 25 cal. 

J. F. S. 


The Liquid Crystals of Agaricic Acid. Paul Gaubert 
( Compt . rend., 1919, 168, 277 — 279). — Agaricic acid gives two 
types of liquid crystals, one belonging to the cubic system and the 
other being optically uniaxial and positive. The crystals are but 
slightly birefringent, and consequently the polychroism is feeble. 

W. G. 


Phytochemical Reductions. XV. The Conversion of 
Acetaldol into Optically Active /2-Butylene Glycol by Yeast. 

Carl Neuberg and (Mme.) Elisabeth Kerb (Btochem. Zeitsch., 
1918, 92 , 96 — 110). — The reaction, OII-CHMe-CH 2 -CHO — ► 
OH^CHMe’CH^’CHvOH, takes place in the presence of yeast both 
when actively fermenting sugar and when, also, sugar is not added. 
A dextrorotatory product was obtained. The j3-butylene glycol 
was, amongst other methods, characterised by preparing the di-a- 
naphthylurethane derivative, in. p. 154°, by its treatment with 
a-naphthylcarbimide. 

A method is given for preparing in good yield acetaldol by the 
action of disodium sulphite on aldehyde in the cold (at —15°). 
From the aldol were prepared the f$-brom ophenylhydra z on e , 
C ]0 H I3 ON 2 Br, white, seemingly hexagonal leaflets, m. p. 127 — 128°, 
and also the diphenylmethanedimethyldihydrazone , 

CH 2 (C 6 H 4 'NMe*N:CH*Cn 2 , CHMe , OH) 2 , 
colourless plates, m. p. 117°. S. B. S. 

Phytochemical Reductions. XVI. The Conversion of 
Citral into Geraniol by Yeast. Carl Neuberg and (Mme.) 
Elisabeth Kerb ( Biochem , Zeitsch., 1918, 92 , 111 — 123). — This 
reaction takes place both in the presence and absence of added 
sugar. The geraniol which is produced is accompanied by some 
optically active substance which has not yet been identified. The 
authors describe the two following derivatives of cyc/ocitral : the 
thiosemicarbazone , C n H 19 N 3 S, white leaflets, m. p. 200 — 201°, and 
tne p -nitrophenylhydrazone, C 16 H 21 0«,N 3) orange crystals, m. p. 
12 5°. “ S. B. S. 
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Preparation of Soluble Starch. A. Leulier ( J . m 
Ghim.y 1918, [vii], 18, 291). — Twenty-five grams of starch ^ 
boiled for fifteen minutes under a reflux apparatus with a mixt^ 
of 100 grams of 95% alcohol and 5 grams of sulphuric acid* !? 
starch is then collected on a filter and washed with water or almt i 
until free from acidity. Starch thus treated is insoluble in ed°j 
water, but very soluble in hot water. [See, further, J . Soc f'h * 
Ind 1919, 86a.] W. P. S*' 

The Preparation of Methylamine from Chloropicri* 

Percy Faraday Frankland, Frederick Challenger, and Kn/ 
Albert Nicholls (T., 1919, 115, 159 — 162). £l 

The Present Condition of the Benzene Problem. Hsnta 
Pauly {J. pr. Chem 1918, [ii], 98, 106— 135). — The various 
representations suggested for the benzene molecule are discussed* 
From a consideration of the relationships between the. physical 
constants of benzene derivatives, the corresponding hydrogenated 
compounds, etc., the following conclusions are drawn: (1) The 
atoms of the benzene molecule lie in one plane. (2) The benzene 
ring must be symmetrically arranged and the linkings uniform 
(3) Neither centric nor oletinic linkings are present, the degree of 
saturation of the linkings being approximately midway between 
those of simple and double linkings. Thiele’s formula, the valence- 
electronic representation of benzene, the tetrahedral model and 
the problem of orientation are also considered. T. H. P 

II- 1 0-Bromophenanthrene-3- or -6 sulphonic Acid. Haras 
Sandqvist (Annalen, 1918, 417, 1—16).— A hot aqueous solution 
of potassium phenanthrene-3-sulphonate is cooled to about 50 c 
until crystals begin to separate, and a solution of bromine in water 
saturated at the ordinary temperature (about 3 mols. of bromine) 
is added gradually, whereby is obtained, in addition to oxidation 
products, potassium II-10-bromophenanthrene-3- or -6-sulphonate. 
The crude salt is converted through the chloride into II-104/wm- 
phenanthrene-3- or -ft-sulphonic acid, C 14 H 8 Br* S0 3 H, 4H 2 0, an almost 
white, non-crystalline mass, m. p. 152 — 153°, or, anhydrous, 223 ; 
(in a closed capillary, m. p. 160 — 170°), which has an astringent 
but, unlike the I-isomeride (A., 1917, i, 552), no sweet taste, forms 
yellow, flocculent solutions, and shows some tendency to form 
liquid crystals. The potassium, ammonium, sodium, calcium . 
barium , and copper -pits are described. The methyl ester, flattened 
needles, has m. p. 158°, the ethyl ester, needles, has m. p. usually 
143*5°, but sometimes 134° (to a turbid liquid); the former yields 
methyl phenanthraquinone-3-sulphonate by oxidation with chromic 
and acetic acids. HAO -Bromophenanthrene-3- or -Q-sidphond 
chloride , prepared from the potassium salt, forms faintly yellow 
prisms, m. p. 199 — 199*5°, from which are prepared the amidt, 
C 14 H 10 O 2 NBrS, needles, m. p. 266 5°, and the anilide , needles or 
leaflets, m. p. 211°. C. S. 
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I-lO*Chlorophenanthrene-3- or -6-sulphonic Acid and 
10 'Chlorophenanthrene. Hakan Sandqvist (Annalen, 1918, 
17—33). — It has been shown (A., 1917, i, 552) that the 
abnormal viscosity and anisotropy of solutions of I-10-bromophen- 
anthrene-3' or -6-sulphonic acid disappear when the bromine is 
replaced by the *S0 3 H or *C 14 H 7 BrS0 3 Me group. It is now found 
that they are increased when the bromine is replaced by a chlorine 

*\.\Mhlorophenanthrene-Z- or -b-sulphonic acid , prepared by 
fusing together I-lO-bromophenanthrene-3- or -6-sulphonyl chloride 
and phosphorus pentachloride, and heating the resulting chloride 
with water at about 145°, forms a white, microcrystalline powder 
possessing an acid, sweet, astringent taste. A 0‘04.V-solution has 
a viscosity 1 '03 at 18° (water at 18° = 1); this is increased to about 
140 by the addition of one-sixth volume of 3A-hydrochloric acid, 
the value for I-lO-bromophenanthrene-3- or -6-sulphonic acid being 
increased only to about 6 by similar treatment-. The air-dried acid, 
m p pgo — 161°, contains 3H 2 0 (decomp.); the anhydrous acid 
has m. p. 206 — 207°. The ammonium , sodium, potassium, calcium , 
barium, and copper salts are described. The methyl ester, leaflets 
or prisms, has m. p. 172 — 172*5°, and the ethyl ester, colourless 
crystals, m. p. 182*5-^183°. The chloride , C^HjChSO^Cl, pre- 
pared as above, forms prisms, m. p. 196 — 197°, and from it have 
been obtained the amide , needles, in. p. 281 — 282°, and anilide , 
crystals, m. p. 197 — 198°. 

10-Ghlorophenanthrene , C ]4 H 9 C1, m. p. 35 — 55° (purest specimen, 
52*5 — 53*5°), b. p. 343 — 346°, is obtained, together with other pro- 
ducts (of which 9 : 10-dichloroanthracene and 9 : 10-phenanthrene 
dichloride have been identified), by adding a cold solution of 
chlornw (26 grams) in carbon disulphide to phenanthrene (50 
ejams) dissolved in the same solvent. It yields phenanthraquinone 
by oxidation, forms a picrate , C, 4 HqC1 , C r( H (N (X) 3 • O H , yellowish- 
red needles, m. p. Ill — 112°, and is converted by sulphonation at 
165 — 170° into a sulphonic acid, from which the preceding 
I-10-chlorophenanthrene-3- or -6-sulphonyl chloride, m.p. 196 — 197°, 
can be prepared. C. S. 

The Mobility o! the Methylnitroamino-group in the 
Derivatives of Tetranitrophenylmethylnitroamme and in 
Trinitrodi(methylnitroamino)benzene. C. F. van Duin (Bee. 
trav. ckim., 1919, 38, 89— 100).— A study of the action of 
ammonia, aniline, and ?n-nitroaniline on certain derivatives of 
2:3:4: 6-tetranitrophenylmethylnitroamine obtained by substi- 
tuting the nitro-group in position 3 by an hydroxyl, an anilino-, 
a methylnitroamino-, an amino-, and a dimethylamino-group. 
The results show that a negative substituent in this position 
hinders the substitution of the methylnitroamino-group, whilst 
a positive substituent increases its mobility. As opposed to this, 
however, is the fact that in 2 :4 :6-trinitro-3-dimethylaminophenyl- 
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methylnitroamine, the methylnitroamino-group is not replaced 
m-nitroaniline. < . 

In the action of ammonia on 2:4: 6-trinitro-l . 3-di(metnylnify. Q _ 
amino)benzene, two compounds , one having m. p. 195 196° (corr.j 

and the other having m. p. 144° (corr.), were obtained, but could 
not be characterised. W. G. 

The Formation of Phenol in the Action of Sodium 
Methoxide on the Higher Chlorobenzenes. P. W. de Lange 

(Eec. trav. chim 1919, 38, 101—105. Compare Holleman and 
Mooy, A., 1916, i, 22).— The author finds that p-chloroanisole and 
p-dichlorobenzene when heated in sealed tubes at 176—177° with 
sodium methoxide in methyl alcohol each yielded p-chlorophenol 
and methyl ether, the reaction being far more complete with the 
p-chloroanisole than with the dichlorobenzene. He considers that 
the reaction with dichlorobenzene takes place in two stages, as 
follows : 

(1) C fl H 4 a 2 + NaOMe= C 6 H 4 OOMe+ NaCl. 

(2) CgHiCl'OMe + NaOMe= C 6 H 4 Cl*ONa + Me 2 0. 


Velocity of Nitration of Phenols in Ethereal Solution. II, 

Alfons Klemenc and Elisabeth Eel (. Monatsh ., 1918, 39, 
641—696. Compare A., 1914, i, 272).— The velocity constants of 
the nitration of phenol, guaiacol, o- and ^cresol, and resorcinol 
methyl ether have been determined. Nitration is, in general 
found to be a positive autocatalytic process, and the rate of nitra- 
tion is dependent on the proportion of nitrogen peroxide or nitrous 
acid in the nitric acid. From this point of view, a mathematical 
expression for the velocity of nitration of a benzene derivative has 
been developed which, when applied to the particular case of 
phenols, takes into account the fact that the nitrous acid formed 
during the course of nitration (the cause of the autocatalytic nature 
of the process) is itself absorbed by the phenol. 

Pure nitric acid, free from nitrogen peroxide and nitrous acid, 
does not cause nitration. Nitrogen peroxide induces both the 
nitrating and oxidising action of nitric acid towards derivatives ot 
b6nz6ii0 

In the case of nitration in ethereal solution, action either doe? 
not occur at all or rapidly comes to an end if the number of mol? 
cules of nitric acid is greater than that of the phenol or guaiacol. 
this behaviour being, apparently, opposed to the law of mass adioa 

The necessary solutions are obtained by dissolving armyarw 5 
nitric acid in dry ether at a temperature of -80° (solutions pn 
pared in this manner remain colourless at 0° for weeks), an • 
dissolving nitrogen peroxide in the same solvent in a specia 0 
of apparatus, which is figured in the text and allows 
necessary adjustment of concentration and removal oi 
amounts of solution. The course of the reaction is followe \ 
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determining the decrease in the titre of the nitric acid at given 
intervals. In the case of phenol, this can he done directly with 
standard barium hydroxide solution (the nitrophenol behaving' as 
indicator) during the early stages of the reaction ; during the later 
stages, the end-point is obscured by coloured bye-products, and it 
is then preferable to shake the ethereal solution with saturated 
potassium chloride solution and to add potassium hydroxide or 
barium hydroxide until the nitric acid is neutralised, when the 
next drop extracts a portion of the nitrophenol from the ether and 
colours the aqueous solution deep red. In the cases of guaiacol 
and other phenols^ this method cannot be used, and recourse must 
be had to the iodometric process previously described ( loc . cit,). 

In addition to the phenols already mentioned, experiments with 
catechol, resorcinol, and quinol are also described. In the first 
two cases, satisfactory results could not be obtained; with quinol, 
the initial reaction consisted in the evolution of nitric oxide and 
formation of quinhydrone, which gradually underwent nitration. 
It is noteworthy that the presence of nitrogen peroxide is here 
found to he essential to the oxidising action of the nitric acid. 

H. W. 

Oxidation of Quinol and its Sulphonic Acids by means of 
Fehling’s Solution. Joh. Pinnow (J. pr. Ckm., 1918, [ii], 98 r 
gl— 95. Compare A., 1911, i, 339). — Further experiments show 
that, when oxidised by Fehling’s solution in absence of air, quinol 
and its sulphonic acids require almost exactly 3 atoms of oxygen 
per molecule, and give dihydroxyquinol or its sulphonic acids. 
The less amount of Fehling’s solution earlier found sufficient with 
low concentrations of quinol (compare Bourquelot and FichtenKolz, 
A., 1910, i, 273) is explained by concurrent oxidation at the 
expense of atmospheric oxygen. In presence of sulphite, quinol 
and its sulphonic acids are oxidised by means of Fehling’s solution 
principally to dihydroxyquinoldisulphonic acid, 5 or 4 atoms, 
respectively, of oxygen being used ; this oxidation proceeds by way 
of quinone, quinolsulphonic acid, quinonesulphonic acid, and 
quinoldisulphonic acid, and not by way of dihydroxyquinone and 
its sulphonic acids. Unlike quinone and its sulphonic acids, 
dihydroxyquinone and its sulphonic acids do not unite with 
sulphite. Part of the quinol, which is not oxidised by Fehling s 
solution to the readily separable dihydroxyquinonedisulphonate, 
yields a readily soluble, pale-coloured isomeride, but the most 
important side reaction is the action of the alkali on the quinone- 
sulphonate, which should lead through hydroxyquinolsulphonate 
to the final product of oxidation, hydroxyquinonesulphonate. ^ 

Some Derivatives of Resorcinol . H. V ermeueen trav. 

fhim., 1919, 38, 106 111).— 2-Nitroresorcinol when added to 

nitric acid (D 1*5) in the cold yields 2:4-dimtroresorcinol, m. p. 
146°, which when converted into its potassium salt and heated with 
an excess of methyl sulphate gives 2 : 4-dinit ro-1 : 3-dim ethoxy- 
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benzene; this, when reduced with tin and hydrochloric acid ^ 
alcoholic solution and the product treated with acetic anhydride, 
gives 2 -nitro- 4 ;-aceti/faniin(yl '3-dimethoxybenzene, m. p. 161 — 

This compound on nitration yields 2'.^-dinitro-^‘acetylamino-\^ 
dimethoxy benzene , m. p. 129°, which when hydrolysed gi^ 
2 : G'dinitroA-amino-1 : 3 -diniethoxybenzene f m. p. 141°. 4-Acetyl 
amino-1 : 3-dimethoxybenzene, m. p. 117°, when nitrated in acetic 
acid solution yields $-nitro~i-acet*/lamino- 1 : 3 -dimethoxyhtnztnt 
m. p. 173°, which is also obtained by the acetylation of 6 -wt/ro 4 ! 
amino-1 : 3-dimethoxybenzene, m. p. 136 137°, obtained by the 

reduction of 4 : 6-dinitro-l : 3-dimethoxybenzene. . W. G. 

Acetylsalicylic [o-Acetoxybenzoic] Acid. Henry L. Dabs 
(J. Ind. Eng. Chem., 1919, 11, 29— 30).—’ The melting point d 
aspirin is determined by immersion of the capillary tube in a 
stirred paraffin oil bath heated at the rate of 1° per minute, the 
thermometer being immersed during the whole time of heatinj 
but the melting-point tube inserted only when the temperatun 
reaches 130°. The free salicylic acid present- may be determined 
by comparison of the colour given with dilute ferric chloride with 
a series of cobalt chloride solutions of various concentrations. 
[See J. Soa. Chem. Ind., 1919.] T. H. It 

The Elimination of the Carbethoxyl Group from 
Tautomeric Systems. I. Derivatives of Indene. Christopher 
Kelk Ingold and Jocelyn Field Thorpe (T m 1919, 115. 
143—159). 

Preparation of Mercury Derivatives of Phthaleins and 
Analogous Compounds. Saccharinfabrik Akt.-Gbs. tom. 
Fahlberg, List, & Co. (D.R.-P. 308335; from Chem. Zentr., 
1918, ii, 881 — 882). — Neutral solutions of the alkali salts of 
phthaleins, succineins, and “ sacchareins ” are boiled with a large 
excess of a mercuric salt, particularly mercuric chloride, whereby 
uniform products are formed in an easily isolable condition. Thus, 
fluorescein and mercuric chloride yield a reddish-brown product, 
insoluble or sparingly soluble in the usual organic media, soluble 
in sodium carbonate, sodium hydroxide, or ammonia, to deep red 
solutions, which show a strong, greenish-yellow fluorescence when 
diluted. The ammoniacal solution is blackened by ammoniuiu 
sulphide at its boiling point. The sodium salt of methylfluorescein 
gives a pale brown derivative with mercuric chloride which dyes sift 
orange-yellow. Mercuriated compounds from dibromofluorescem. 
tetrabromofluoresceln, tetraiodofluorescein, phenolphthalein, tetra- 
iodophenolphthalein, quinolphthalein, hydroxyquinolphthalm 
resorcinsuccinein, cresorcinsuccinein, and resorcinsaccharein are abo 
described. H. IV 

The Reduction of Aromatic Ketones. W. D. Cohen (fto- 
trav. chim., 1919, 38, 72— 88).— In acid solution, benzophenone .v 
reduced with the formation of benzopinacone, benzhydrol not enl - 
formed. If the action is energetic, a little diphenylmet ane 1 
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formed* In an alkaline medium, on the other hand, benzhydrol 
is almost exclusively obtained unless the alkali is very weak, in 
which case a little benzopinacone is formed. An energetic reduc- 
tion produces some diphenylmethane. In neutral medium, as when 
reduced by aluminium amalgam in alcohol, benzophenone yields 
68% of benzhydrol and 32% of benzopinacone. W. Gr. 

Preparation of /3-Anthrimides. Farbwerkb vorm. Mrister, 
Lccius, & Bruning (D.R.-P. 308666; from Chem. Zentr ., 1918, 
ii, 882). — The products of the action of ammonia on jS-diazoanthra* 
quinones are heated in solvents of high boiling point with or with- 
out a condensing agent. Thus, anthraquinone-jS-diazonium 
sulphate is made into a paste with alcohol and treated with well- 
cooled, concentrated alcoholic ammonia; the product is heated 
with nitrobenzene under reflux, when fifi'-dianthrimide separates 
as a dark brownish-red substance, which becomes yellowish-brown 
when dried or acidified; it forms a scarlet solution in concentrated 
sulphuric acid, which gradually becomes olive and then green. 
The product from 1 : 3-dibromoanthraquinone-j3-diazonium sulphate 
and alcoholic ammonia gives tetrabromo-fi-dianthrimide (partly as 
the benzoyl derivative, which is hydrolysed with concentrated 
sulphuric acid) when heated to gentle boiling with nitrobenzene and 
benzoyl chloride. The substance is yellow and yields a bluish-green 
solution in concentrated sulphuric acid; it dyes cotton yellow from 
a reddish-brown bath. Dichlorobkdiazoanthraqnmoneamide (from 
diazotised l-ehloro~2-ainmoanthraquinone and ammonia in excess) 
is pale yellow, and is converted by treatment with boiling nitro- 
benzene and benzoyl chloride into 1 : V-dichloro-2 : 2 f -dia?ithrivtide, 
orange-yellow, matted needles soluble in concentrated sulphuric 
acid to a pure blue solution; it dyes cotton orange-yellow from a 
reddish-brown bath. H. W. 

seC'-fi Methylcamphor and $cc.-/?-Phenylcamphor, a New 
Series of Synthetic Camphors, and terf.-Naphthylborneol 
md Naphthylcamphene. J. Bredt (J. pr. Chem., 1918, [ii], 98, 
96 — 105). — In consequence of the publication of Ruzicka’s paper 
(A., 1918, i, 398), the author gives a short account of work carried 
out in 1914— 1918. 

[With Maria Savelsberg.] — The action of magnesium methyl 
iodide on camphor or on fenchone yields the tertiary alcohols, 
nethylborneol and 1 methylfenchol, which; under the action of 
lehyrlrating agents, yield one and the same hydrocarbon, C n H 38 , 

:) p. 172 — 175°, m. p. 71 — 73°, which shows great stability towards 
Permanganate, and is regarded as’ a homocyclene of the 
a annexed structure. When treated with 

b qjj acetic and sulphuric acids, the hydrocarbon 

i 2 i 2 « yields an acetyl compound, C 13-^0 2, b. p. 

CH*CMej — , — ?CMe 106 --107°/ 13 mm., and this on hydrolysis 

fr'CH- CH gives a secondary alcohol, CjjH^O, m. p. 

„ t 193°, which forms a phcnyhrr ethane, m. p. 

102°; oxidation of the alcohol yields a 

9 * 
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ketone (fi -methylcamphor), C u H lg O, in. p. 167 — 168°, gi v j nD 
oxime , m. p. 125 — 127°, and a semicarbazone , m. p. 255° (decoDi** 
and yielding 2 -methylcamphoric acid , C n H 18 0^, m. p. I 9 jc. y 
anhydride of the acid has in. p. 205*5 — 207°. The properties ■ 
these products indicate that they belong to the camphor series * 
that, in the splitting of the trimethylene ring of the hydrocari* 0 
(see formula above), the linking 3*-3 a/ is ruptured. This Midp 
tion is confirmed by the molecular refraction of the ethyl ester < 
the acid; this ester has D?* 1 '0289, which differs but little fromth 
value, Df 1-0298, for ethyl camphorate, whereas ethyl isofend/ 
camphorate has Of 1 0054. The specific exaltation of the mole- 
cular refraction of the ester of the new acid, -0*299 

similar to that, — 0* IS, for ethyl camphorate, and is ^ n .: 
ditioned by the annexed grouping, whilst in ethyl fsofencfo 

camphorate the grouping CH-CH^-Me j Jro . 

, , e | duces no exaltation. The following further 
OH — O C — Me derivatives of the 2-methylcamphoric acid v^n 
1 1 prepared: the dichloride , b. p. 155°/15 rmn. t the 

chlorinated chloride , the chlor o~anhy dnde , m p 

204 — 206°, the sec.-tert.-amino-aci&, m. p 
162- -163°, and its calcium salt, and the acid imtde, m. p. 256°. * 

[With A. C. Heinemann and F. Goblet.]— T he interaction oi 
magnesium phenyl bromide and camphor, followed by treatment oi 
the product with water and dilute hydrochloric acid, yields the 
t ert .-phenylbomeol, m. p. 41°, b. p. 1X9*5 — 120'5°/2 — 2*5 mm., 
Md -50-33° (in benzene), already prepared by Haller. Treat 
inent of this tertiary alcohol with acetic anhydride gives a liquid 
hydrocarbon •, C I6 H 20 , b. p. 99°/ 2 mm., D] 4 0*9920, [aJJ, 9 -j-327 ; . 
which is converted into the acetyl derivative of a tertiary alcohol, 
b. p. 136°/2 mm., m. p. 87°. This hydrocarbon partly undergoes 
rearrangement to an isomeride , b. p. 86°/ 2 mm., Df 7 1*0034. 
[<*]d -3*75°, wliilst a third isomeride, b. p. 106°/ 2 mm., in. p. 
33 — 34'5°, D? 80 0-9742, is formed in good yield on repeated dn\ 
distillation of the above acetyl compound. The hydrocarbon, b.p.j 
99°/ 2 mm., does not combine with hydrogen chloride in light 
petroleum solution, hut the isomeride, b. p. 86°, forms the hydro - I 
chloride, C ]B H. ?l Cl, m. p. 76*5°, which with milk of lime gives s 
tertiary alcohol , C^H^O, b. p. 106*5°, [a] 1 D w + 23-06°, isomeric with ; 
the feri. -phenylbomeol. Hydrolysis of the above acetyl derivative! 
yields a secondary alcohol , C^H^O, m. p. 115 — 116°, which, like 
the products de> Ived from it, is optically inactive. Oxidation oi 
this alcohol by means of chromic acid gives a phenyl-ramp^ 
C 10 H 20 O, m. p. 68°, the formation of which takes place as shown 
on p. i, 127. 

The new phenylcamphor forms a semicarbazone , m. p. 189—190*. 
and an oxime , m. p. 141 — 142*5°, and when reduced with sodium 
and alcohol gives a mixture of phenylborneol and phenylwobornefc 
which were not separated. With sodiopotassamide and an?; 
nitrite, phenylcamphor yields the isom^roso-derivative, which for® 
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reeD isli-white crystals, m. p. 189°, and this with sodium hydrogen 
ulphite gives phenylcamphorquinone, a golden-yellow substance, 
p 145°. The latter is also obtained by the action of perman- 
anate on phenyldUmphorcarhoxyUc acid m. p. 149—150° (evolu- 


ch-ch — ch 2 

CH— CH — CH, 

1 OMej | — > 

■ | CMe 2 j 

CH 2 — CMe"CO 

CH— CMe— CPh-OH 

/ 


CH 2 — CH — CH 2 
| OMe* | 
CH— 


-CPh s 


CMe 


I 


,1 f* I 

CH ’C CPh-CH, 


CMe, — CH — CH., 
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I ! 
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CH a — CH— CH, 

| CMe 2 j 
OHPh-GMe-OH-OH 


CH— CH— CH 2 
! UMe 2 | . 

ORPh-CMe — CO 


ion of C0 2 ), which is formed from phenylcamphor with the help of 
iixliopotassamide and carbon dioxide. Ph e nylcamphori c acid , 
;yi 2 A» ra - P- 123-5°, is formed by the protracted action of per- 
manganate solution on the quinone ; its anhydride , C lc H l3 0, m. p. 
173 5°, was prepared. 

[With H. Pussier.]— The action of magnesium a-naphthyl 
bromide on camphor yields tvct.-rmphthylb omeol, m. p. 122 — 124°, 


CH— CH— CH 2 
I CMe, I 


CMe 

(I.) 


CMe,— CH — CH 2 
| 2 l I 

ch 2 

ch 2 :c ch — ch*c ]0 h 7 

(in.) 
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[a]o -41*96° in benzene. When subjected to dry distillation, this 
alcohol yields the myKthylcamyhent, C^H^, which crystallise, « 
felted needles, m. p. 92 — 93°, b. p. 210°/ 16 mm., and gives i W 
hydrochloride with dry hydrogen chloride in* ethereal solution. 
Treatment of the hydrocarbon with acetic and sulphuric acids yi e ld s 
only an isomeride , m. p. 116 — 117°. From results obtained with 
methylcyclene and pbenylcamphene, it may be assumed that the 
naphthylcamphene, m. p. 92—93°, has structure 1 or II, and that 
treatment with acetic and sulphuric acids, under the influence of 
the naphthyl residue, leads to rearrangement to the compound III s 
which cannot be acetylated. T. H. P, 

Condensation of Unsaturated Compounds in Relation to 
Terpenes, Resins, and Caoutchouc. H. J. Prins (Chen. 
Weekblad, 1919, 16, 64— 74).— The type of condensation discussed 
is that between molecules of the same substance containing the 
group 1C— Cl. The reaction is brought about by catalysts, such as 
acids, acid anhydrides, halogens and halogen compounds with active 
halogen, sulphur and sulphur compounds (persulphides), oxygen 
and peroxides, metallic oxides, and metals. The catalyst and sub- 
strate are “ reciprocally activated.” Three reactions are possible: 
polymerisation of the unsaturated substance, combination of 
catalyst with the substance at the double bond, and combination 
of catalyst with the polymerised substance formed. The theory 
of reciprocal activation is discussed in relation to the simultaneous 
polymerisation and oxidation of unsaturated hydrocarbons, such 
as terpenes, the formation of resins, and the vulcanisation of 
caoutchouc. The following theory for the last-mentioned process 
is suggested. The caoutchouc molecule is rendered active by mean' 
of the catalyst sulphur, whilst the sulphur undergoes a change 
analogous to the formation of ozone from oxygen in presence or 
un saturated substances. There results (1) a simple polymerisation 
of the caoutchouc molecule with formation of cyc/obutane deriv- 
atives; (2) polymerisation of the caoutchouc molecule with inclusicn 
of sulphur in the ring, giving compounds of the type 


:c— c: 
:6 6 : 


s 


:c— c: 
:c c: 


(3) direct addition of sulphur at the double bond to form . 


:6~q: 

\/ 

s 


or 


:c — o: 
\/. 
S n 


Constituents of Resins. III. Further Investigation d 
Siaresinol from Siamese Gum Benzoin. Alois Ziske » 
Hans Lieb (Monatsh., 1918, 39 s 627— 639).— It has been F 
viously shown that the benzoresinol obtained by LMy n 
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Sumatra gum benzoin (A., 1893, i, 480 — 666) is probably a mix- 
ture of /-sumaresinol and J-benfcoresinol (A., 1918, i, 502); further 
examination of thfi substance prepared according to Liidy’s direc- 
tions only led to the isolation of siaresinol (A., 1918, i, 398). 
Liidy’s benzoresinol should therefore be deleted from the literature. 

Further examination of d-sumaresinol and siaresinol has shown 
that these substances are acidic in character, and that the acidic 
hydrogen is contained in the carboxyl, and not in the hydroxyl 
group as assumed by Liidy (loc. cit .); the former is therefore to 
be regarded as d -sumaresinolic acid and the latter as d -m'mrmnoUc 
rif/VL Oxidation of rf-siaresinolic acid leads to the formation of a 
monobasic acid, C 27 H 40 O 4 , and the loss of three atoms of carbon 
and eight atoms of hydrogen appears to denote the elimination of a 
propyl or an isopropyl group ; the formula for the parent substance 
may be written C 3 H 7 *C 2 qH 4 ^ 02 *C 0 oH . 

[With Ludwig Zechner.] — Silver siarednolate forms a white 
powder which darkens in colour when preserved, and decomposes 
when warmed with water, acetone, or alcohol. It is converted by 
methyl iodide into methyl siaresinolate, which crystallises in pris- 
matic crystals with 1'5H 2 0 from aqueous alcohol, m. p. about 150°, 
in needles with £H 2 0 from benzene, and in anhydrous, prismatic 
crystals, m. p. 169 — 170°, from light petroleum, The ethyl ester 
separates from light petroleum in needles or prismatic platelets, 
m. p. 108°; from aqueous alcohol in nodular masses, which melt 
indefinitely at 102° and contain water of crystallisation. The 
mixed anhydride of acetic and siaresinolic acids melts at 125 — 127° 
after softening at 104°, 

Chromic acid oxidises the double compound of acetic and 
(/-siaresinolic acid to an acid, C 27 H 40 O 4 , short prisms, m. p. 317°, 
[all! -193 '8? in chloroform solution ;' the potassium salt, long, 
white needles with 3^IL,0, and the methyl ester, colourless leaflets, 
m. p. 186—187°, are described. H. W. 


Hydroxymethylfurf uraldehyde . J. A. Middkndorp ( Hec . 
trav. chim., 1919, 38, 1 — 71). — The author finds that w-hydroxy- 
methylfurf uraldehyde, obtained by the action of acids on the 
liexoses, can be distilled unchanged in an absolute vacuum, giving 
a distillate, b. p. 114 — 116°/1 mm., which will crystallise and has 
m. p. 31 *5°, D“ 1*268, Df 1*2629, < 1*556, n 1*552, rif 1*563, 
and its heat of combustion is 664*8 cal. per gram-mol. Contrary 
to the general statements, the author finds that this aldehyde is 
nuscible with water in all proportions, and that there is no indica- 
tion of the formation of a hydrate. It gives a phenylmethyl- 
hydrazone, m. p. 161°, and an aldazine , m. p. 168° (decomp.), and 
its hydroxyl group may readily be replaced by halogen by the 
action of the hydrogen halide in dry ether. w-Chloromcthylfur- 
f uraldehyde is readily converted into ta -methoxy methyl furfur - 
Mthyde, an oil, b. p. 68— 70°/2 mm., B 170 1*146, 1*5088 

giving a phenylhydrazone , m. p. 56 — 57°, a p-nit rophenylhydr- 
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azone, m. p. 140 — 141°, a n oxime , a n aldazine, m. p. ggo 
carbazone, m. p. 170°, and a semioxamazone, m. p, 209-Jfv 
Similarly, to -eth oxym e thylfurf uraklehyde gives a p-mtrovh '' 
hydmzme, m. p. 140 — 141°, an oxime, an aldazine, in. p. 7 qo ^ 
a semioxamazone , m. p. 212 — 213°. P^zoyloxymethvlf^^ 
aldehyde gives a phenylhydrazone , m. p. 112°, a p-nitroph^ i 
hydrazone , m. p. 142°, an oxime , m. p. 85 — 85 *5°, an cddazuu 
m. p. 163°, a semicarbazone, m. p. 198°, and a semioxamozom 
m. p. 204° (decomp.). 

When distilled at a pressure of 10—20 mm., hydroxymethyl^ 
furaldehyde is partly decomposed, giving its anhydride, difurfuryj. 
methyl ether, which yields a semicarbazone , m. p. 255°, and ^ 
oxidised by moist silver oxide gives di(2*m ethyl-5 -carboxylfurvl 
ether, m. p. 165°. 

Sodium hydroxide readily decomposes hydroxymethy]fu r fa r . 
aldehyde, giving 2 : 5-dihydroxy methyl furan, m. p. 80°, and 5-hydr 
oxymethylpyromueic acid. Under similar conditions, methoxv- 
methylfurf uraldehyde gives 2-hydroxymethyl-5-methoxymttbji. 
furan, b. p. 132 — 134°/23 mm., m. p. 37°, nj> M 1‘4860, and 5-mi 
oxymethylpyromucic acid , m. p. 66 — 66*5°; the ethoxy-aldehvde 
similarly gives 2-hydroxymethyU5-ethoxymethylfuran } b. p. 
152— 157°/ 20 mm., 1-4865, and 5-ethoxymethylpyromucic acid, 

m. p. 62°. 

Hydroxymethylfurfuraldehyde condenses with ethyl malonate, 
giving ethyl hydroxy me t hylfurfurylidenirn/donate , m. p. 48'5°,b.p. 
221°/11 mm., Df 1‘1648, 1*539, n™ 1*536, and with malonic 

acid, giving hydrozymethylfurfurylidcnemalonic acid , decomposing 
at 130°. 


Ammonia or potassium cyanide react readily in alcoholic solution 
with hydroxy-, methoxy-, or ethoxy-methylfurfuraldehyde, but the 
products in every case resinify. 

From a study of the absorption spectra of the coloured products 
obtained from furfuraldehyde and its methyl and hydroxymethyl 
derivatives, respectively, with the following reagents, resorcinol. 
Sesame oil, /3-naphthol, acetone, diphenylamine, egg-albumin, 
aniline acetate, narcotine, and orcinol, it is shown that the coloured 
products formed by wanning sucrose with hydrochloric add and 
the respective reagents resemble those obtained from hydroxy- 
methylfurfuraldehyde, but differ from those obtained from furfur- 
aldehyde itself. It is shown that diphenylamine is the most satis- 
factory reagent f y distinguishing between pentoses and hexoses. 
and that the reaction with acetone is the most satisfactory for dis- 
tinguishing methylpentoses from pentoses and hexoses. W. 6. 


The Alkaloids of Holarrhena congolensis. Frank Le* 
Pyman (T., 1919, 115, 163—166). 

Nicotine Content of the Smoke of Heavy, Light, and 
** Nicotine-free " Cigars. W. Storm van Leetjwen (Arch. exp - 
Path. Pharm ., 1918 , 84, 282 — 316 ).— This content was measure* 
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physiologically by the effect on the blood -pressure of an acid extract 
of the smoke, and bears no relationship to the trade description or 
even to the nicotine content of the cigars themselves. The smoke 
of so-called nicotine-free cigars (Wendt) contains as much as that 
0 f average normal ones. A full account of earlier work is given. 

G. B* 

Cyclic Acetone Bases. C, Harries ( Annalen , 1918, 417 
107—191. Compare A., 1896, i, 317).— The author has shown that 
vinyldiacetonamineoxiine (4-oximino-2 : 2 : 6-trimethylpiperidiue) 
yields a-4-amino-2:2 : 6-trimethylpiperidine by reduction with zinc 
dust and cold alcoholic hydrochloric acid, and 0-4-amino-2 : 2 : 6- 
trimethylpiperidine by reduction with sodium and boiling amyl 
alcohol (loc. cit., and A., 1897, i, 293). These two bases behave 
differently towards carbon disulphide. Whilst the j3-base yields 
only one dithiocarbamate which cannot be converted into a thio- 
carbimide by mercuric chloride, the a-base yields an easily soluble 
dithiocarbamate, which is changed by boiling water into a sparingly 
soluble dithiocarbamate ; from the last, hot aqueous mercuric 
chloride solution produces a substance which has the composition 
of the expected thiocarbimide, but not its properties, and is there- 
fore probably an internal thiocarb amide. By treatment with 
iodine, the two a-dithioearbamates (2 mols.) lose carbon disulphide 
(1 mol.) and hydrogen sulphide (1 mol.) and yield two isomeric 
thiocarbamides, probably having the constitution 
CS*NH(C 6 H 7 Me s N) 2 ; 

these are probably syn- and anti-stereoisomerides, and so also are 
the two a-dithiocarbamates. 

The question why the 13-base does not yield an analogous series 
of isomerides cannot be answered at present. 

[With A. Baudrexel, H. Hoiienemser, and R. IIaarmann.j — 
Between 1896 and 1908, the reduction of 4-oximino-2 : 2 : 6-tri- 
methylpiperidine to a-4-amino-2 : 2 : 6-trimethylpiperidine by cold 
alcoholic hydrogen chloride and zinc dust has frequently been 
effected. It is all the more remarkable, therefore, that the authors, 
using present-day zinc dust (since 1913), have obtained, not the 
above a-base, but 2:2: 6-trimethyl-4-piperidone. In order to prepare 
the a base, therefore, 4-oximino-2 : 2 : 6-trimethylpiperidine has been 
reduced by 3% sodium amalgam in 80% alcoholic solution at 
10—20°, 25% hydrochloric acid being constantly added to maintain 
an acid reaction. This method produces about equal weights of 
a- and #4 -amino-2 : 2 : 6-trimethylpiperidine; the hydrochloride of 
the latter is insoluble in absolute alcohol. 

[With Bernhard Schellhorn.] — W hether reduced by cold 
alcoholic hydrochloric acid and zinc dust or by boiling amyl alcohol 
and sodium, 4-oximino-2 : 2 : 6 : 6-tetramethyl piperidine yields only 
one 4-amtno-2 : 2 : 6 : &-tetramethiflpipe.ri(Hiw } leaflets, m. p. 16 — 18°, 
b. p. 79°/7 mm., which is converted by acetic anhydride into the 
acetate of the acetylamino-derivative, m. p. 205°; the acetylamino- 
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derivative itself, CjjH^ONg, forma pyramidal crystals, m. p. 
b. p. 161 — 163°/ 6 — 8 mm. 

In cold ethereal solution, 4-amiii0'2 : 2 : 6 : 6-tetramethylpip^-^ 
(2 mols.) and carbon disulphide (1 mol.) yield l-amino-2 :2:6;(J. 
tetrametk ylpiperidme 2 : 2 : 6 : Q-tetramethylpipendyldithio 
amite, C 9 H 18 N-NH‘CS*SH,C 0 H ]8 N'NH 2 , crystals, m. p. 15 ^ ^ 
in the ratio of 1 : 1 yield tetramethylpipendyldithiocarbamic add 
CgHjgN-NH-CS'SH, m. p. 180°; this, and also the preceding salt 
are converted into a substance, m. p. 205° (decomp.), by reervstat 
lisation from boiling water. The dithiocarbamic acid in boiline 
aqueous-alcoholic solution is converted by alcoholic iodine into the 
hydriodide (two crystalline forms) of the thiocarb amide, 
CS(NH-C 9 H 19 N) 2 , 
triangular plates, m. p. 170°. 

Corresponding with the production of two alkamines by the 
reduction of 2:2; 6'trimethyl-4-piperidone (Harries, A., 1897, i,293) j 
it is found that 2 : 2-dimethyl-6-«$obutyl-4-piperidone, reduced hi 
sodium amalgam in faintly acid solution, yields a mixture of labile 
cis -valerdiacctonalkamine [i-hydroxy-2 : 2-dim ethyl-fi-iwbutylpi p er . 

nh<^<W '™ 2 >CH-OH, m. p. 91—92° (hydro- 

chloride , ra. p. 215°), and the stable trans -isomeride, m. p. 65°; the 
former is converted into the latter by heating with a solution of 
sodium amyl oxide. 

2 : 2-DimethyI-6-isobutyl-4'piperidone forms an oxime, C^H^ON*. 
needles, m. p. 121° ( monohydrochloride , m. p. 238°; dihydro- 
chloride, needles, m. p. 222°), which is reduced by sodium and boil- 
ing amyl alcohol to 4 -amino-2 : 2^imethyl-B-hobutylpiperidm, 
C n H 24 N 2) b. p. 147°/ 65 mm. (hydrochloride, C^N^HCI; 
acetate of the acetyl derivative, m. p. 143 — 144°). The base yields 
a carbamate by absorption of carbon dioxide, and is converted by 
nitrous acid into the preceding tis-alkamine, m. p. 91 — 92°. 

By warming with acetic anhydride, 2:2: 6-trimethyl-4-piperidone 
is converted into its acetyl derivative, prisms, m. p, 92°, which yields 
ace tylvinyldiac e tonamineoxim e. (l-aeetyl - 4 - oximin-a-2 : % : 6 -tri- 
methylpiperidine), m. p, 130°, by treatment with aqueous hydroxyl- 
amine. 

[With A. Zart.] — B enzylidenediacetonamineoxinie yields only 
products of fissive decomposition when reduced by zinc dust and 
alcoholic hydrochloric acid, but is converted by reduction with 
sodium and boiling amyl alcohol into $-A-amim-2-phenyl-^-^- 
dimethyl piperidine, sir/sided plates softening at 60°, no definite 
m. p., b. p. 183°/36 mm., which is isolated as the hydrobromidf , 
C, 3 H 20 No,2HBr, prisms with 3H 2 0, m. p. 75°, decomp. 100°; the 
hydrochloride , platinichloride, hydriodide , and picrate are 
mentioned. 

[With August Baudrexel.] — a-4-Amino-2 : 2 : G-trimetlivl- 
piperidine and ethyl chloroformate react in cold ether to form the 
hydrochloride , C n Ho 2 0 2 N.i,HCl, crystals, m. p. 244 — 245°, of 
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ethyl trimethylpiperidylcarbamate, b. p. 148— 150°/ 12 mm. 
Tokrate, m. p. 208—209°). Attempts to eliminate ethyl alcohol 
from the carbamate with the object of creating a bridge linking in 
the 1 ; 4 -position were unsuccessfully made with zinc chloride, fused 
sodium acetate, phosphoric anhydride, phosphoryl chloride, and 
concentrated hydrochloric acid. The a-aminotrimethylpiperidine 
pacts in ethereal solution with carbon dioxide to form the 
Zbamate, C 5 H 7 Me 3 N-NH«C0 2 H ) NH 2 'C 5 H 7 Me 3 N ) m. p. 112°. 

The following compounds of the jS-series were prepared by similar 
methods: j 3-ethyl 2:2: G-trimethylpiperidyl-A-carbamate, b. p. 

j-j 152°/ 12 nun., m. p. 68°, and its hydrochloride , m. p. 

253—254° (decomp.), and picrate, m. p. 164 — 165°; J8 -ami not ri- 
mthylpiperidine trimethylpiperidylcarbamate, m. p. 92°. 

[With A. Zart.]— a- and j34-Amino-2 :2 : 6-trimethylpiperidine 
yield dibenzoyl derivatives, m. p. 192 193° and 

210— 211° respectively, on benzoylation. The a-base reacts with 
nhenylcarbimide in cold benzene to form the phenyltrimethyl 
pi peridyl carbamide, NHPh*CO’NH‘C 5 H 7 Me 3 N, needles, m. p. 

211— 212° and with pbenylthiocarbimide in ethereal solution to 

form the corresponding thiocarbamide, crystals, m. p. 

110° whilst the hydrochloride of the a-base reacts with potassium 
cyanate in concentrated aqueous solution to form a-trimethyl- 
mperidylcarb amide , C 5 H : Me 3 N-NH*CO*NH 2 , leaflets, m. p. 55° 
(not sharp), decomp, below 100°. The corresponding substances in 
the 3-series are phenyltrime t hylpipe ndyl carbamide. , m. p. 130— 
138°, the thiocarbamide, C 15 H 2 3 N 3 S, m. p. 160 ‘161°, and ft-tri- 
methylpiperidylcai'bamide , m. p. 170 — 171°. 

[With Herbert Thoerl.]— E qual molecular quantities of 2:2:b- 
trimethvl-4-piperidone and ethyl chloroformate in ethereal solution, 
heated on the water-bath with a saturated solution of potassium 
carbonate, yield ethyl i-keM : 2 : farimethylpipendine-l-carh- 
oxylate, m. p. 34-35°, b. p. 141 — 142°/12 mm. ( oxime, , leaflets, 
m p 136°). The oxime is reduced by sodium amalgam and a 
mixture of alcohol, water, and acetic acid on the water-bath to 

ethyl i-amino-2 : 2 : terimethylpiperidine-Uarboxylate, b. p. lbu / 

12 mm., from which an internal 1 : 4-carbamide could not be pro- 


'The direct methylation of 2:2: 6-trimethyl-4-piperidone at the 
imino-group is very difficultly effected. The result is a ainec 
indirectly, however, by oxidising a- and ^-ff-methylvmyldiaceton- 
alkamines (see below) by chromic and acetic acids. oug 
aisomeride is very resistant to oxidation, both yie e same 
N -methylvinyldiacetanamine (1:2:2: 6 -tetmmethyU-lHperidane), 

b. p. %— 97°/ 14 mm., which is purified through the hydro- 
hrnmiJ, Tt. ff.rma an mime, prisms, m. p. 93° ( picrate , needles. 


m. p. 216° [decomp.l). . , . i 

[With August BAUPEEXEL,]-The following derivatives have 
been prepared with the object of obtaining substances sui a 
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the easy identification of the more important cyclic acetone bases 
but none of them compares with the oxime for this purpose' 
2:2: 6-Trim ethyl-4-piperi done forms a semiearbazone C 9 H lg 0$ 
crystals, m. p. 196 — 197° (oxalate, m. p. 182°), the triacetonam^ 
forms a semicar bazone, C 10 H 20 ON 4 , crystals, m. p. 219 — 220°, whilst 
benzylidenediacetonamine forms a p- nitrophenylhydrazone , 

cs,AAN 4f 

m. p. 105—106°. 

[With Arthur Zart.J — 4-Hydroxy-a- and -0-1 :2 : 2 : 6-tetra- 
methylpiperidines are readily obtained by heating the 4-hydroxy. 
2 :2:6-trimethyl piperidines with 40% formaldehyde on the water- 
bath. The hydrochloride of the a-compound reacts with benzoyl 
chloride at 120° to form aA-henzoyl\ :2:2:&-tetramethylpiper- 
idine, b. p. 194 — 195°/ 16 mm. (hydrochloride, m. p. 192°, platini- 
chloride, m. p. 208° [decomp.], nitrate, and jncrate , ra. p 
180 — 181°). The corresponding ft-benzoyl derivative has b. p. 
195°/15 mm., and forms a hydrochloride , m. p. 58° (not sharp), 
platinichloride, m. p. 218° (decomp.), nitrate, m. p. 163° (decomp.), 
and picrate, m. p. 213°. 

[With Erich Groschuff.] — The behaviour of cyclic acetone 
bases towards nitrous acid has been already published (A., 1901, 
i, 745). C. S. 

New Mode of Formation of Pyrrole black, A. Angeli and 
A. Pieroni (Atti S. Accad. Lincei , 1918, [v], 27, ii, 300—304. 
Compare A., 1918, i, 547). — Treatment of pyrrole with the calcu- 
lated quantity of magnesium ethyl iodide in very dilute ethereal 
solution, and passage through the liquid of a gentle current of air 
for about twenty-four hours, yields a voluminous, very black 
powder, which may be obtained almost free from ash by treatment 
with dilute sulphuric acid. This substance is far more intensely 
black than the pyrrole-blacks obtained by methods previously 
described, and, like these and the natural melanins, it does cot 
melt, but furnishes vapours which turn a pine splinter moistened 
with hydrochloric acid an intense red; it is insoluble in all ordinary 
solvents, and also in alkali solutions. It is slowly oxidised by 
hydrogen peroxide in acetic acid, or dilute aqueous permanganate, 
or dichromate and dilute sulphuric acid. The compositions of the 
different pyrrole-blacks obtained in various ways are given. The 
yellowish-white product formed, together with pyrrole-black, by the 
action of peracetic ari i, is probably a derivative of tripyrrole, ami 
its composition is in agreement with the formula C l2 H ]7 0 3 Nj. Like 
aniline-blacks, pyrrole-blacks react readily with phenylhydrazine. 


Action of Cyanogen Haloids on Phenylhydrazine. IV. 
Passage to Derivatives of o-Phenylene diamine. G. Pellizzari 
and Augusto Gaiter ( Gazzetta , 1918, 48, ii, 151— 182.)— Further 
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investigations (compare A., 1892, 1323; 1907 i a*® , 

■m) show that it is possible to effect the following'^ o"f 

NHPh’NH, -> CN-NPh-NH >. p H 

2 c 6 h ,< N(CN >c-nh.cn -> 


c t H,< N H> c 'SH'ON -> C 6 'h 4 <" N; 


- - 6 lJ 4 \ N H 

(c < H 4 < N > c -NH-CO)Nfl : C.H^^-NH-CO-NH, 
c fi H,< N ^>c-Nir : 


'N(CN)-' 
>NH-CO-NH, 




"**• c ( h 4 <n> c . NHj 

NHlC-OEt 

* C 6 H 4 <^>C-Nff 2 . 


a&-fiicyano-o~pheJiylen eg ua nidine. CVIL^ H^Wh'cm 

«=~ s4?SS 

not melt at 300° * it raa t ■ •» brown when heated, but does 

■>«“ - *. Xt * 

Myano-o-phenylentgmnidm, C e H 4 <^><>NH-CN, prepared 
Mtafto P * U , 5siu “.¥ rra '* on the preceding compound, ’ 
and soft/™ and dlmp^l it^a 

IMs hjgh1y a ^4n m > to ao^tl eb f ,oac T c behaviour fn alcohol. 

‘xr'i t * r ■" 

gioup. Its nher salt was prepared and analysed. * 

^Phenykne-fi-guanylmriamide, W^X'-NH'CO-NH,, 

cttoaW S L h | 5rdr M hl0ride the lcti0D of h »t dilute or cold con- 
become^ oJa^tT^ f0 ™ S 5imin S- colourless needles and 
C,H f 0N ff h b d ° 6a BOt melt afc 300 °- Its hydrochloride, 
merited 1 ' deco ?P«“ n g 255-260“, v h tinicHondt, and 
l at€ were prepared and analysed. 

D'Ph'nyUntguanylbiuret, (o,H 4 <^>C-NH’Co) NH, ob- 

^nden^nledtes . 1 ’' 60 '^ 118 C ° mp0Und at 18< ^ 2 “' crystal - 

ac id P ou ly o e ohf^r idine ' W - by the action 01 hydrochloric 

o-phenyleneguanylcarbamide or a^-dicyano-o-phenylene- 
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guanidine, is identical with the compound obtained from cy aQo 
bromide and o-phenylenediamine (compare Pierron, A., i<jj)g 
i, 926). The following salts- were prepared and analyst! 
carbonate ; nitrate , exploding without melting at 225°; acdak 
m. p. 218° ; picmte, in. p. 270° (decomp, ) ; and platinichlo^ 
+ JH 2 0, which softens at 225°, and then melts and decomp^' 
The free base may be recognised by the alkaline reaction of jp 
aqueous solution towards litmus and by the intense blue coloration 
changing to green and then t-o browuish-yellow, obtained by the 
action of hypobromites or hypochlorites. 

Acetyl-o-phenyUnegumidine , C 6 H 4 <^^^C*NHAc, f orms 

slender, white needles, m. p. 314 — 315° (decomp.). The action of 
nitrous acid on the corresponding benzoyl derivative (compare 

Pierron, loc . eit.) yields phenylenecarbamide, 
»rC 6 H ( <^>CO. 

in -Nitrob enzylide n ephenylenegiutnidine, 

C « H < < NH> C-S:CH ' C » H 4 -N0 2> 

prepared from o-phenyleneguanidine and m-nitrobenzaldehyde in 
presence of a drop of piperidine, forms minute, yellow needle* 
m. p. 170°. 

a-Cyano-o-phenylenegiianidine, C c II 4 <^^> C’NH 2 , obtained 

from o-phenyleneguanidine and cyanogen bromide, forms long, 
colourless needles, and decomposes at 173—175°, rapidly in a moist 
atmosphere and slowly in a desiccator. Its platinicKloride turns 
brown at 100° and undergoes change when boiled with water. 
m-N itrobenzyUden e -a- cyano-o-ph enyle n eg uanidin c , 

C li H ) <'“' I f ) >C-N:CH-C,H < -NO s , 

prepared by the interaction of a-cyano-o-phenyleneguanidine and 
m-nitrobenzaldehyde in alcoholic solution in presence of a drop oi 
piperidine, forms microscopic, yellow crystals and decomposes at 
285—290°, 

a-Ethoxy^o-phenylenecarbiminoguanidine, CgH 4 <C^^C‘NH ;i 

, NH'.C-OEt 

obtained together with the preceding compound, forms colourless 
needles, m. p. 155°. Its platinichloride forms pale yellow rhombs, 
m. p. 222 — 224° (decomp,). With m-nitrobenzaldehyde in presence 
of a drop of piperidine, the base yields m-mtro b enzyliden e-«- 
eth oxyo-ph enylenccarb i mi noguanidin e y C17H15O3N5, which crystal- 
lises in pale yellow needles, m. p. 205 — 206° (decomp.). 

According to Pierron (loc. cit.), the action of cyanogen bromide 
(3 mols.) and sodium hydrogen carbonate (3 niols.) on o-pbenylene- 
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diamine (1 mol*) yields a little phenyleneguanidine and 

proportion (120 140% of the phenylenediamine used) of iminodi- 

/ NH \ 

’arbonylphenyleneguamdine, C fi H 4 ( )C=”N V This 

X N-< >CO * 

XIO'NH/ 

impound may be obtained also from phenyleneguanidine (1 mob), 
.cyanogen bromide (2 mols.), and sodium hydrogen carbonate 
i (2 mols.), or from phenyleneguanidine and biuret. The mechanism 
of its formation is under investigation. T. H. P. 


Simultaneous Biochemical Syntheses of Gentiobiose and 
of the two 0-Glucosides of Glycol by Emulsin. Em. 

Bocrquelot and M. Bridel (Compt. rend., 1919, 168, 253 -256), 
--From the products of the action of emulsin from almonds on a 
mixture of dextrose and ethylene glycol, in the molecular propor- 
tion of 2:1, in aqueous solution, the authors have isolated and 
characterised gentiobiose, glycyl 0-glucoside, and glyoyl j9-di- 
glucoside. W, (}, 


Physiological Chemistry. 


The Blood Sugar. Gustav Krok {Biochcm. Zeitsch., 1918, 92, 
84—89). — An analysis of the sugar in blood. was made by Bang’s 
micro-method, both before and after hydrolysis by acids in the case 
of rabbits, after ingestion of starch and of maltose (at varying 
intervals), and after administration of adrenaline, and a few similar 
analyses were made on the blood of the human subject. There was 
no appreciable difference in the reducing power before and after 
hydrolysis in any case, and the results give no support to Lepine’s 
conception of the “sucre virtu eb 5 of blood. S. B. S. 

The Theory of Clotting. Alfred Perutz and Max Rosemann 
(Biockem. Zeitsch 1918, 92 , 90 — 95). — The amount of fibrin 
which is obtained by mixing serum and plasma stands in some 
proportional relationship to the amounts of these two components 
used, when they are employed in great dilutions. If diminishing 
amounts of serum are added to the same amount of plasma, the 
amourft of fibrin formed diminishes. In the same way, diminish- 
ing amounts of plasma added to the same amount of serum also 
produce diminishing amounts of fibrin. If very gifeat dilutions 
are employed of plasma and serum, so as to be near the limits of 
a reaction, in order that the reaction should take place at all, 
the serum concentration must be greater than the plasma con- 
centration. §- B, g. 
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The Presence of Phosphates in Human Blood-serum, vn 

Joh. Feigl (Biochem. Zeitsck., 1918, 92, 1 — 83). — 1 The autW 
gives a very extensive and detailed review of the methods U 
separating the constituents which contain phosphorus in the b]<w 
especially the lipoid phosphorus and inorganic (acid soluble) pJJ' 
phorus, giving in particular a detailed criticism of the j aJ** 
methods of Bloor, Greenwald, and their collaborators. He 
gives a critical account of the micro-methods for estimating tt 
phosphorus after ashing, including the various nephelometric a J 
colorimetric methods. He gives, finally, a series of tables o ; 
analyses of the phosphorus of the blood (chiefly lecithin pho? 
phonis) in pathological cases obtained by himself by the empV 
rnent of various methods. g. g g ; 

Shark and Ray Liver Oils. M. Tsujimoto (J. Ckem. M 
Tokyo, 1918, 21, 1015 — 1042). — The analytical values of the 
oils of thirteen species of Japanese sharks and five species of 
Japanese rays are given. The oil derived from the shark Prntium 
■pilosus had an exceptionally high iodine value (309 0) and a ?err 
low sp. gr. (Df 0*8664). It was found that all the shark liver 
oils of low sp. gr. (below O' 9) contained the hydrocarbon squaleae 
which was also present in the egg oils of two species of shark but 
it was not a constituent of any of the ray liver oils. [See also 
J. Soc. Chem. Ind. } 1919, 109a.] C. A. M. 

Genesis of Thiocyanic Acid in Animals. V. Serafim 
Dezani (Arch. Farm. sper. sci. aff ., 1918, 25, 278—288; from 
Chem- . Zentr 1918, ii, 836 — 837). — The quantity of thiocyanic add 
formed in the dog depends on the albumin content of the food; 
this result is in striking contrast with the experience of Bruylants 
and Grober with the human subject. 

After administration of acetonitrile, thiocyanic acid coaid h 
detected in the blood serum and saliva of the dog as soon as in 
the urine; its formation cannot therefore in any case be as 
exclusive function of the kidneys. H. W, 

Calcium— Form of Reserve in the Female of the 
Phasmides ; its Forms of Elimination in the two Sexes. 
J. Pantel (Compt. rend., 1919, 168, 242 — 244). — Calcium exist? 
as a reserve in the form of its carbonate in the lower raalpighiac 
tubes of the females of the Phasmides. In both sexes, the prin- 
cipal form in wh 4h it is eliminated is as' its phosphate, accessory 
forms being the oxalate and probably the urate. W. G- 

Catalytic Action of Serpent Venoms on the Nucleic Acids, 
C- Delezenne and H. Morel (Compt. rend., 1919, 

244 — 246).— Both plant and animal nucleic acids are hydrolp 
by venoms from members of the Colubrides and Viperides group. 
The curves showing the velocity of the reaction indicate that the 
reaction is catalytic, and it has been shown that the amount o. 
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Urolysis is independent of the amount of venom used Tt,. 
btimum temperature is 50-52°, and the venom loses it, iJ„! 
ttic powers if heated for a few minutes at 100° or if to th 
hedium is added specific antivenom serum. The *° til6 

ary in the intensity of their catalytic action, this variation beT’ 
p the same direction as is that of their toxicity. w ^ b 

The Guttameter and its Application to the Study o! Drup-a 
nd Poisons. Friedrich Kschbaum (Ber. Dent pkarm Get iqik 
}8, 397 416),— The guttameter is a capillary pipette with a wide 
lelivery onfice from which ten drops are collected in a weighing 
jottle and the weight recorded. The instrument is standardised 
pith water at 20°, ten drops of which should weigh F20 grams 
The weight of ten drops of the liquid, corrected by the fader of 
itandardisation of the instrument, is proportional to the surface 
tension ; thus the results are inversely proportional to those 
)btained with the stalagmometer. The author has extended 
certain observations of Traube and others on the use of this instru- 
ct, from which it was deduced that the 'toxicity of solutions of 
alkaloids is in direct relation to the lowering of the surface tension 
of water produced by the alkaloid at standard concentration 
Thus a number of derivatives of the quinine alkaloids have been 
studied and ranged in the order of decrease in surface tension pro- 
duced in 0-1% solutions of their salts mixed with increasing small 
proportions of ^ sodium carbonate. The order of classification so 
obtained coincides with, that of increasing toxicity. Quinine and 
quinidme, approximately equal, had the least effect on surface 
tension, stronger depressions were recorded in the following order: 
hydroquinine, ethylhydrocupreine, ethylapohydroquinidine, iso- 
amylhydrocupreine, and isooctylhydrocupreine. The depression 
of the surface tension increases with the amount of alkali added. 
Morphine and apomorphine occupy a peculiar position among the 
alkaloids in that solutions of their salts, when treated with sodium 
carbonate, do not show a depression of the surface tension as com- 
pared with water. It is shown, however, that morphine salts when 
treated with certain small proportions of ammonia liberate the 
alkaloid in a disperse form, and a depression of the surface tension 
is then observed. * J. F B 


Chemistry of Vegetable Physiology and Agriculture. 


Action of Stimulants on Nitrifying Bacteria . C . Montan ari 
mz. uper. agr . ital., 1917, 50, G9 — 72 ; from Chem. Zentr ., 1918, 
u> 851 Compare A., 1914, i, 1159). — The action of compounds of 
copper, barium, lead, zinc, and arsenic has been investigated in 
extension of the work on manganese salts. The addition produces 
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different* effects according as it takes place at the commence 
of the experiment or when development of the nitrate ferment ^ 
occurred. In the former case, the formation of nitrates is hinder!! 
by small amounts of copper or by larger quantities of the other 
substances, whilst in the latter case the ferment is damaged h* 
large doses of arsenic or, to some extent, of copper. ISTitrificatit® 
was not rendered more vigorous by minimal doses of the differ 
substances, except in the solitary instance of manganese sulphate 

H. W. 

The Chemistry of the Higher Fungi. XIII. Scleroderma 
vulgare, Fr., and Polysaccum crassipes, D.C. j PtIr 
Zellner ( Monatsh ., 1918, 39, 603 — 615. Compare A., 1915 
i, 1086; 1918, i, 54). — Extraction of Scleroderma vulgare p r 
with light petroleum yielded a deep brown, viscous mass contain' 
ing an ergosterol and a resin. The ethereal extract contained 
fumaric acid, and further quantities of an ergosterol, which was 
not isolated in the pure state. Mannitol, dextrose, choline, and an 
amorphous carbohydrate were, isolated from the alcoholic extract 
Viscosin and potassium phosphate were isolated from the aqueous 
extract, in which neither invertases nor diastases could be detected. 

Polysaccum crassipes, D.C., was similarly successively extracted 
with (1) light petroleum, ( 2 ) ether, (3) alcohol, and (4) water. 
The first extract was a dark brown, viscous mass rich in unsaponi- 
fiable matter, consisting of ergosterols and a reddish-brown resin. 
The second extract consisted of ergosterols; the presence of 
fumaric acid could not be definitely established. The third extract 
yielded dextrose, choline, and the potassium ammonium salt of a 
tannin-like acid (the free acid and its silver and copper salts are 
described), which probably has a glucosidic structure. The fourth 
extract contained a carbohydrate similar to that obtained from 
Scleroderma, together with mineral matter; the presence of 
ferments (invertase, maltase, diastase) could not be established. 

H.W. 

The Researches o! Wills tatter on the Assimilation of 
Carbon Dioxide. H, T. Waterman ( Chem . WeeJcblad, 1918, 15, 
1138 — 1146).— A critical summary of the more recent work of 
Willstatter on the mechanism of the absorption and decomposition 
of carbon dioxide by chlorophyll. W. S. M 

Action of Vegetable Enzymes on certain Organic Com 
pounds. G. Ciamician and C. Ravenna (Atti R, Accad. Lined, 
1918, fv], 27, ii, 293 — 300). — Much of this paper has been already 
published, the results not included in the previous abstract (this 
vol., i, 58) being briefly as follows. 

Benzoic acid is not changed by the enzymes of pulped spinach 
leaves, but salicylic acid is largely oxidised ; the respective sodium 
salts behave similarly. Coumarin remains unaltered, but mandelic 
acid is converted by spinach in an atmosphere of oxygen into a 
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co mpoufcd which is not extracted by ether, but is reconverted into 
the original acid by boiling dilute sulphuric acid ; in carbon 
dioxide, mandelic acid remains unaffected. Just as by the action 
of light, oxalic acid is almost completely oxidised by the enzymes, 
whilst succinic acid, which in the light is oxidised to a slight extent 
to glyoxal, acetaldehyde, acetic, and perhaps propionic acid, with 
the spinach enzymes yields acetaldehyde and a compound giving 
: succinic acid when treated with emulsin. Lactic acid, which forms 
acetaldehyde and acetic acid on auto-oxidation in the light, yields 
only acetaldehyde under the action of the spinach. Malic acid, 
which gives formaldehyde, acetaldehyde, formic and acetic acids, 
and certain undefined products under the influence of light, yields 
only acetaldehyde with these enzymes. 

Acetone is oxidised, as by light, to acetic and formic acids and 
formaldehyde, whilst methyl ethyl ketone gives propionic and 
formic acids under the influence of the spinach, its behaviour in 
light being unknown. The action of light on cyclic ketones results 
in hydrolysis to the corresponding aliphatic acids, and also in the 
formation of the corresponding dibasic or ketonic acids, whereas 
the action of the spinach enzymes converts these ketones into lower 
aliphatic acids and sometimes into succinic acid, the acids corre- 
sponding with the ketones used being never obtained. Thus, cyclo- 
hexanone gives formic acid and a mixture of volatile acids, appar- 
ently propionic and butyric. 2-Methylcyc?ohexanone and 

3- methylcycfohexanon© yield propionic and formic acids, and 

4- methylcycZohexanone, acetic aci<L in addition. Menthone gives 
succinic, formic, acetic, and probably propionic acids. Pyridine, 
piperidine, nicotine, strychnine, and caffeine are not affected by 
the spinach enzymes, but morphine, quinine, and cinchonine 
undergo oxidation to a considerable extent. 

Some of the compounds, such, as benzoic acid, pyridine, piper- 
idine, and nicotine, which resist attack by the enzymes of spinach, 
disappear when they are injected into maize and tobacco plants 
(he. cit.). In one experiment, in which a total of 36 grains of 
sodium benzoate, corresponding with 30'5 grams of benzoic acid, 
were inoculated into twenty -five maize plants, 21 ’6 gTams of the 
acid were afterwards found to have disappeared, and the plants 
vielded a distillate containing formic, acetic, and propionic acids 
in amounts corresponding- approximately with the benzoic acid 
attacked. T. H. P. 


Biochemical Changes due to Environment. Otto 

Rosenheim ( Biochem . J ., 1918, 12, 283 — 289).— The inflorescence 
of edelweiss ( Leonto podium alpinum ) contains a chromogenic sub- 
stance, probably a flavone, which is not in glucosidic combination. 
It is best extracted with 90% alcohol at 70—75°. A comparative 
estimation of the amount present in plants grown in London at an 
altitude of 80 m. and in plants collected in the Alps at an altitude 
of 2000 m. shows the ratio of amounts present to be roughly as 
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1 : 4, and in addition the plants grown in the Alps contained traces 
of the chromogenic substance in glucosidic combination. These 
results show the biochemical adaptation of Alpine plants to changed 
environment, and support Shibata’s hypothesis that the biological 
significance of flavones in the plant consists in their protective 
action against the injurious influence of ultra-violet light. 

w, a. 

Essential Oil and Wax of Shuei Flower (Jasminum 
odoratissimum). R. T9ucinnAsni and S. Tasak \ {J. Ch^n. Ind. t 
Tokyo, 1918, 21, 1117— 1143).— Fresh flowers of Shuei (Jaminum 
odoratmimum), cultivated in Formosa and used for perfuming 
tea, yielded on extraction with light petroleum 0*277% of concrete 
essence, which on maceration with alcohol was separated into 
0*116% of essential oil and 0*166% of flower wax. The oil con* 
tamed approximately 6% of d4inalool, 6% d-linalool acetate, 6% 
benzyl alcohol, 1*6% benzyl acetate, methyl ester of anthranilie 
acid and indole (10%) } and constituents of high boiling point 
(possibly sesquiterpene alcohol or diterpene alcohol) about 57%. 
[See also J. Soc. Chem. 2nd., 1919, 117a.] C. A, M. 

The Absorbent Power of Dry or Moist Earth with respect 
to Chlorine Gas. Daniel Berthelot and Rene Thannoy ( Compt . 
rend. , 1919, 168, 121— 123) — Dry sand absorbs chlorine badly, 
but a peaty soil or leaf mould has very marked absorbent proper- 
ties for this gas. The absorptive power is markedly increased by 
moistening the soil with 10% of its weight of water. Any further 
addition of water only causes an increased absorption, due to the 
water added. W. G. 

Connection between Absorption and. Coagulation and its 
Relation to the Inorganic Colloids of the Soil. III. A. de 

Dominicis and P. Chiarieri ( Staz . sper. agr. ital ., 1917, 50, 
451 — 479; from Chem. Zentr 1918, ii, 854. Compare A., 1915, 
i, 859; 1916, i, 240). — The previous results, that the action of 
electrolytes on the unstable hydrosols causes a single process result- 
ing in coagulation through absorption, are confirmed by a series 
of experiments with the metals of the alkaline earths. When 
particles and ions with opposite charges come into contact, mutual 
attraction occurs, resulting in neutralisation of the charges and 
formation of absorption compounds. Decrease in concentration 
consequently follows both in colloidal and ionic-molecular solution. 
The physico-chemical properties of the soil are invariably favourably 
influenced with regard to fruitfulness by this phenomenon. 

H. W. 

The Organic Phosphorus of Soil. R. S. Potter and 
R, S. Snyder (Soil Sri., 1918, 6, 321—332. Compare Potter 
and Benton, A., 1917, i, 76). — For the most part a reply to Gortner 
and Shaw (compare A., 1917, i, 376). The authors have prepared 
the curves for the hydrolysis of phytin and of nucleic acid by 5% 
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sulphuric acid at 100°, and show that both these reactions are of 
the first order. No definite conclusions could be drawn from the 
curves for the hydrolysis of the organic phosphorus of three soils, 
but the direction of the curves was such as to indicate that the 
organic phosphorus might have been due to phytin or to a 
pyrimidine nucleotide. W G 

The Presence of Aluminium as a Reason for the Difference 
in the Effect of so-called Acid Soil on Barley and Rye 

Burt L. Hartwell and F. R. Pember (Sail Sri., 1918, 6*. 
2§9 — 279). The authors find that although rye will grow far more 
satisfactorily on an acid soil than will barley, seedlings of both 
these crops are equally affected by a given amount of acidity, both 
m water and sand cultures. The authors attribute the different 
effect of the acid soil on the two crops to the presence of aluminium 
sulphate in the soil solution, and they show that equivalent 
amounts of aluminium sulphate and sulphuric acid when added to 
an optimum nutrient solution produce about the same depression 
on barley seedlings, and that whilst a similar depression of the rye 
crop is produced by the acid, the aluminium sulphate causes very 
little depression and scarcely affects the rye roots. Further, as the 
hydrogen-ion concentration of the nutrient solution containing the 
aluminium sulphate was only about one-fourth of that containing 
the acid, they conclude that aluminium exerts a toxic effect on 
the barley. This active aluminium may be largely removed from 
the soil solution by the application of lime or phosphates, even 
acid phosphates. W. G. 

Experiments with various Nitrogenous Fertilisers. 

Eilh. Alfred Mitscherlich, S. von Saucken, and F. Iffland 
{/. Landw ., 1918, 66, 187 — 198). — Sand cultures of oats were 
treated with one and the same fertiliser, composed of magnesium 
and potassium sulphates, sodium chloride, and calcium phosphate, 
the nitrogen in the different cultures of a series being supplied in 
the form of sodium nitrate, ammonium sulphate, “ Ka Iks ticks toff,” 
carbamide, and carbamide nitrate. The results show that carb- 
amide and its nitrate are at least equivalent in manurial value to 
the old nitrogenous fertilisers. Owing to its ready solubility in 
water, carbamide nitrate should serve, without causing marked 
plasmolytic phenomena, and hence injuries to the plants, as an 
excellent top-dressing, and may certainly replace sodium nitrate 
for this purpose. The yields of straw and corn under the different 
treatments are given in the form of tables, and are also subjected 
to analysis. T. H. P. 

Influence of Two Different Nutriments on the Yield of 
Crops. Eilh. Alfred Mitscherlich (Landw. Jahrb 1918, 62, 
279—296 ; from Cheqi. Zentr., 1918, ii, 854— 856).— I. Influence 
of two nutriments which are without mutual action . — The effect of 
variation in the amounts of potassium and nitrogen on the growth 
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of oats has been investigated, use being made of potassium sulphate 
and ammonium nitrate. The factor of activity of the nitrogen is 
constant- (=3/14) and independent of the amount of potassium; 
similarly, the factor of the potassium (— 2‘48) is constant and in- 
dependent of the quantity of nitrogen. If the nutriments are 
present in an equally assimilable form (which may be assumed to 
be the case witn salts which are soluble in water), and if they 
are not influenced by any external factor, it follows that, in order 
to secure an equal yield of oats, 2' 18 times (2 48/1 14) as much 
nitrogen as potash must be supplied ; potassium is better utilised 
than nitrogen by the plant. 

II. Influence, of two nutriments which react with one another. 

Alterations in the increase in yield obtained by addition of 

either nutriment are immediately observed when the nutriment is 
either chemically or physically affected by other substances which 
are possibly introduced in the manuring, but which can be present 
in every possible combination in the soil in agricultural practice, 
(a) Chalk and phosphoric Experiment shows that an equally 

tfood yield cannot be obtained by manuring with raw phosphate 
as with a readily soluble manure. Further, the maximum yield 
which can be obtained with a phosphate manure is diminished 
slightly at first, but more rapidly subsequently, by addition of 
chalk, and, finally, as is shown by experiments with phosphorite 
meal/ to such an extent that an increase in yield duo to the phos- 
phate manure is scarcely noticeable. The value of diSerent phos- 
phate manures is affected in an extraordinary manner by the 
addition of chalk. Thus, the activity of tricalcium phosphate is 
diminished to considerably greater extent than that of a Thomas 
meal phosphate by addition of chalk ; the value of the latter, how- 
ever, does not remain constant, since a good specimen is found to 
be less affected than one of poorer quality. The relative value of 
tricalcium phosphate and Thomas meal T. in the absence of chalk 
is approximately the same as that previously found when calcium 
was added in large quantity in the form of calcium nitrate. Phos- 
phatic manure loses much of its value if applied to land recently 
treated with chalk or marl or to soil rich in chalk unless other 
salts, such as ammonium sulphate, are also used. Manures which 
contain phosphates in a slightly soluble form are less effective in 
the presence of potash than those containing more soluble forms; 
raw phosphate is probably useless on land rich in chalk. It is 
doubtful if a preliminary manuring with phosphoric acid has any 
practical result. (b) ?otash and ammonium chloride. —It has 
been previously found that the application of ammonium chloride, 
when sufficient nitrogen for nutriment is otherwise present, 
diminishes the value of manuring with potash ; this result is now 
confirmed, and it appears to be not impossible that, under the given 
conditions, the ammonium chloride is physiologically acid, and 
therefore poisonous. - H. W. 
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Quantitativ 6 Spectra of Lithium, Rubidium, Cesium, 

and Gold. A. G. G. Leonard and P. Whelan (Sci Proc. llov 
Dtibl. Soc 19!8, 15, 274— 278).— The spark spectra of dilute 
solutions of the chlorides of lithium, rubidium, caesium, and gold 
have* been photographed with the object of ascertaining the per 
sistency and intensity of the lines with dilution. The measure- 
ments were made with a single prism quartz spectrograph (Hilger). 
In the case of lithium chloride, the most persistent lines are 
AX 6708-2 and 4602*5 ; these lines persist to a dilution 0*001% 
whilst the line A 6103 '8 only persists to 0*01%. The lines of 
rubidium chloride do not exhibit any remarkable persistency, only 
°“ e » ^ 45 7P 8 appearing with a 0*1% solution. Solutions of caesium 
chloride exhibit a fair number of lines, the most persistent beim? 
,\A 4593*5, 4555*5, 4540*2, and 2525-8, these all being visible in a 
0 001% solution. The solution lines of gold chloride are not very 
persistent; no lines are visible in a 0*01% solution; the lines 
obtained from a 0*1% solution are AA 4792*8, 4310-7, 3927*8 3133*2 
3122*9, 2918*5, 2676-1, 2641*6, and 2201*4. j/ F . S. ’ 


Gamma Ray Activity of Thorium D. Herbert N. McCoy 
and G. H. Cartledge (/. Amer. Chem, Soc., 1919, 41, 50—53. 
See this vol., ii, 120). — Two methods are described for the deter- 
mination of the y-ray activity of thorium-/?, The first consists, 
in measuring the activity of the sulphide in terms of a standard 
(0*355 mg. radium) and making emanation determinations by the 
method previously described (i loc . cit.). The second method con- 
sists in sealing radiothorium precipitate in a crystallising dish and 
comparing with radium in a similar dish. As a mean value of 
the experiments, it is shown that Th-/? :Th = 0*956 x 10“ 7 . Using 
the value found by McCoy and Henderson (A., 1918, ii, 422), that 
1 gram of radium is equivalent to 8*85 x 10 6 grams of thorium, it 
is shown that 1*46 x 10“ 7 grams of radium has the same y-activity 
as 1 gram of thorium. Combining the Ms:Th ratio 0*52 xl0~ 7 
with the present Th-/? : Th ratio, the value l*48xl0- 7 is the 
radium equivalent of the y-products of thorium determined 
separately. Thorium-/? therefore furnishes 1*81 times as much 
Y-activity as the mesolhorium in equilibrium with the same amount 
of thorium. Taking account of the fact that only 35% of the 
thorium disintegrates into thorium-//, this means that, atom for 
atom, thorium-// contributes 5*17 times as much y-activity as meso- 
thorium. J F S 


Absorption of X-Rays. Tycho E:son Acren (Phil. Mag., 
1919,. [vij, 37, 165— 207). — Making use of the method previously 
described (A., 1917, ii, 350), the author has determined the relative 
VOL. CXVT. i>. 4 
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absorption coefficients of a number of elements, includin« 
aluminium, iron, nickel, copper, and tin, and of a very large 
number of inorganic and organic compounds. In the case of the 
compounds, the additive law has been found valid throughout. 
With the possible exception of carbon, the state of aggregation 
appears to have no influence on the amount of adsorption. In 
examining chemical compounds in which the same element appears 
but with differing valencies, it is shown that there is no difference 
in the quantity of absorption in any case. The relation between 
the atomic absorption coefficients for most elements hastbeen 
determined at the medium wave-lengths A =0*38, 0*36, 0*34, and 
0*30 x 10~ 8 cm. Assuming that absorption for hydrogen is ex- 
clusively due to scattering produced by the electron combined with 
the atomic nucleus, it has been found likely that scattering for 
other elements is solely due to the electrons constituting the outer 
layer of the respective atoms, that is, to the outer electrons, ” and 
by aid of the relative atomic absorption coefficient for hydrogen, 
the number of the outer electrons has been estimated for the lighter 
elements. The atomic absorption coefficient increases for different 
elements by groups nearly proportionally to the atomic number. 
If it is accepted that the atomic number gives the number of 
electrons combined with the atomic nucleus, it is possible from the 
increase of absorption with increasing atomic number to deter- 
mine the distribution of electrons between the outer and inner 
regions. From Barkla and Whites determinations of the ratio 
pip for copper and water, a formula of the mass scattering 
coefficient for different elements has been deduced. The values 
calculated for the relative absorption coefficients for y-rays agree 
fairly with the observed absorption coefficients. The value of the 
mass scattering coefficient of aluminium for y-radiation, calculated 
by means of the above-mentioned formula, agrees very nearly with 
the value directly observed by Ishino. The number of the outer 
electrons in the lighter elements seems to be the same for the 
elements placed in the same group of the periodic system, and the 
distribution of electrons thus appears to be in close connexion with 
the periodicity of the chemical qualities of the elements as 
expressed by this system. J. F. S. 

Investigation o! Rontgen Spectra. ili-Series. W. 
Stenstrom (Ann. Physik , 1918, [iv], 67, 347 — 375). — The author 
has investigated the -series of Rontgen spectra for the elements 
uranium, thorium, bismuth, lead, thallium, gold, platinum, iridium, 
osmium, tungsten, tantalum, lutecium, ytterbium, erbium, 
holmium, and dysprosium. It is shown that the older method of 
measuring Rontgen spectra is not suitable for the soft radiations 
of the JZ-series, but that better results are obtained if a glowing 
cathode and high-frequency transformed alternating current are 
used. As cathode, a Wehnelt cathode was at first employed, but 
this was later replaced by a tungsten spiral. To find a grating of 
suitable constant, many crystals were examined and the constant 
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determined. These included rock salt, c?=2*814 x 10~ 8 cm.; 
potassium chloride, rf=3T36 x 10 -8 cm.; calcite, 3028 xlO -8 cm.; 
gypsum, 7*621 x 10 -8 cm. ; potassium ferrocyanide, 8*454 x 10~ 8 era. • 
m ica, 10*1 xl0‘ 8 cm.; quartz, 4'23xl0 -8 cm.; beryl, 4’61 x 10”® 
cm. (on plane 0.0.0. 1) and 8 06 x 10“ 8 cm. (on plane 1. 0.1.0); 
sodium ammonium tartrate, 7*30 xl0~ 8 cm.; sucrose, 10*56 xl0~ 8 
cm.; and^ the compound, AgNaC 6 H 8 O 4 S 2 ,Na 2 C 6 H g O 4 S 2 ,10H 2 O, 
^=l9xl0“ 8 cm. From a discussion of the sources of error, it is 
shown that the probable error of the measurements does not exceed 
0 2 — 0;3%. The present measurements were made with a gypsum 
crystal, and it is shown that, in addition to the a- and /3-lines, a 
y-line also exists in the J/-series, and this conforms to the 
Moseley relationship. Other lines appear in some cases but these 
are in all probability due to impurities. Each of the main lines 
is diffuse and wide, and the blackening decreases with decreasing 
wave-length. They consist of several single lines, which were not 
sufficiently separated for characterisation. J. F. S. 

Conductivity. IV. Conductivity of Alkaline Earth 
Formates in Anhydrous Formic Acid. H. I. Schlesinger 
and R. D. Mullinix {J . Amer. Client. Soc. } 1919, 41, 72—75. 
Compare A., 1912, ii, 26; 1914, ii, 703; 1916, ii, 210).— The 
electrical conductivity of solutions of calcium formate and 
strontium formate has been determined in anhydrous formic acid 
solutions at 25°. The conductivity concentration curves are com- 
posed of three parts — of two straight lines which intersect at about 
iV/ 10, and a portion which curves upward in a manner similar to 
that observed for sodium formate (Toe. cit.). It is likely that 
these salts ionise into a metal formate ion, which in more dilute 
solutions is decomposed into a simple metal ion, and that this 
second ionisation becomes sufficiently great at the concentrations 
where the two curves meet to affect the conductivity appreciably. 

J. F. S. 

Depolarisers of the Becquerel Effect. Alexander von 
Samsonow (Zeitsch. wiss. Photochem., 1918, 18, 141 — 176). — 
Working with oxidised copper electrodes, the author has studied 
the action of certain depolarisers on the electrode, when immersed 
in solutions of sodium sulphate, bromate, iodate, and chlorate. 
The potential rises much higher in iodate and bromate solutions 
than in sulphate and chlorate solutions. As depolarisers, ferrous 
sulphate, glycine developer, sodium sulphite, iron oxalate, p-amino- 
phenol, sodium arsenite, and sodium phosphite were used. Work- 
ing hypotheses of the Becquerel effect and the action of the 
depolarisers are discussed. J. F. S. 

Phenomenon of Electrical Supertension. A. Smits ( Proc . 
K. Akad. Wetensch. Amsterdam , 1919, 21, 375—381. Compare 
this vol., ii, 8). — A theoretical paper in which an unattackable 
electrode is considered as a hydrogen electrode from the point of 

4 * 
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view of the phase rule. The ssupertension of electrodes is 
eidered from the same point of view, and a A-# diagram is drawn 
to illustrate the process. It is shown that there is no essential 
difference between the phenomena of supertension and polarisation. 
The former is only a little more complicated in so far that here 
an unattackable electrode has been inserted into the system. 
When, however, the phenomenon of supertension is considered at 
attackable electrodes, the process becomes identical with that of 
polarisation. S. 

Periodic Passivity of Iron. II. A. Smits and C. A. Lobrt de 
Bbuyn ( Proc . K. Akad. Wetensch . Amsterdam, 1919, 21, 38^i — 38d. 
Compare A,, 1917, ii, 262). — A continuation of previous work in 
which it was shown that anodically polarised iron could be 
activated by the introduction of halogen ions. Hence, by the 
electrolysis of a solution of ferrous sulphate and ferrous chloride, 
the phenomenon of passivity can be made periodic. This periodic 
property has now been photographically recorded, together with 
the time duration of each stage of the process. The potential 
difference varies between ~0‘3 volt and + 1'4 volts with respect to 
the normal calomel electrode, and the current density changed 
from 33 milliamperes to 28 inilliamperes per sq cm. With a 
sealed-in electrode 1*5 cm. long, the iron was active for a short 
period and passive for a comparatively long period. With a 
smaller current density, the active and passive periods become 
nearly equal. The effects on the curves produced by changing the 
relative depth of the electrodes have been studied. Using a larger 
iron electrode, the potential difference showed irregular oscilla- 
tions, whilst the current strength was regularly periodic. The 
irregularity was such that even the most active state did not recur 
regularly, and the whole curve shows periodicity under the 
influence of great disturbances. Hence it follows that the electrode 
was never active throughout the whole area at the same time. 
This confirms the previous view that the difficulty of rendering 
iron passive increases with increasing size. J. F. S. 

The Sign of the Electrical Phenomenon and the Influence 
of Lyotropic Series observed in this Phenomenon, H. 

Z w aardem akek and H. Zeehuisen ( Proc . K. Akad . Wetensch. 
Amsterdam , 1919, 21, 417 — 427. Compare A., 1918, ii, 351). — 
The nebula produced, when an unsaturated solution of salicylic 
acid is sprayed always possesses a negative electric charge. This 
charge is weakened by both anions and cations, in the order 
Ii*<Na\K^C[Rb'<lCs'<N H 4 ‘ for cations, and CNS\N0 3 ^<T,CT,Br'i 
<_C 3 H 8 0 3 '< tartrate ion <T0 4 "'< citrate ion <jS( for anions. 
Acetic acid weakens or completely destroys the negative charge of 
salicylic acid. In higher concentrations with a positive electrical 
phase, it prevails as an acid over salicylic acid sprayed in weak 
solutions, which gives a negative charge. Acetates also have a 
weakening effect on the charge of salicylic acid, whereas of them' 
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selves they produce no charge. Mixtures of salicylic and acetic 
acids showed the electrical property of acetic acid so long as the 
latter acid is present in the larger quantity. If the concentration 
of acetic acid*in the mixture falls so low that such a solution of 
acetic acid alone would give scarcely any effect, then the charge 
of the mixture sinks to zero ; in still lower concentrations of acetic 
acid, the charge reappears, but this time negative. J. F. S. 

Dependence of the Magnetic Properties, the Specific 
Resistance, and the Density of Iron Alloys on their Thermal 
Treatment. £. Gumlich { Zedsch . tilektrockem., 19 18, 24, 
3/2—317). — The density, specific resistance, temperature coefficient 
of the resistance, the nrst and second transition points, and the 
magnetic properties (coercive force, retentiveness, permeability, 
and hysteresis loss) have been determined before and after anneal- 
ing processes carried out under various conditions on pure electro- 
lytic iron, commercial iron (seven specimens), iron alloys with 
carbon (0 — 1*8%), with silicon (0 — 8*5%), with aluminium 

(0—10*5%), and manganese (U — 16%). In the case of pure iron, 
the following values were obtained: D 7*87 6 ; specific resistance 
per sq. min., Q'0994; temperature coefficient of the resistance 
between 20° and 100°, 0’5*%; saturation value, 4*7 x =21,6z0, 
where J is the intensity of magnetisation. These values were very 
little changed by annealing and stand in contrast to the magnetic 
properties. It is shown that the improvement in the magnetic 
properties brought about by annealing is not due, as generally 
believed, to a molecular change, but rather to the removal of 
adsorbed gases. In rich carbon alloys, the first and second transi- 
tion points lie in the same position as those given in the diagram 
of condition. In the curves between the carbon content and the 
density, coercivity and saturation value, respectively, there is a 
sharp break at the point where, normally, cementite separates from 
perlite or martensite. The carbon content has a marked effect on 
the coercive force. This quantity increases approximately 7 gauss 
per 1% increase in the carbon content in the case of perlite and 
70 gauss in the case of martensite. With smaller carbon content, 
the influence is much greater; thus with 0T% carbon impurity, the 
coercive force rises 0*7 gauss. The presence of silicon diminishes 
the magnetic properties; this substance behaves like non-mag- 
netic impurities, which diminish the magnetic properties of the 
iron. The presence of aluminium affects the iron in much the 
same way as silicon; the specific resistance increases nearly pro- 
portionally to the aluminium content, The second transition point 
is lowered 100° by 10% of aluminium. The manganese alloys show 
similarities to the carbon alloys, The coercive force is extra- 
ordinarily high after annealing, and with 10% manganese has a 
value of 60 gauss, whereas the retentiveness disappears with 
14—16% manganese. With manganese concentrations 8 — 9%, 
the density, specific resistance, and the magnetic properties show 
great irregularity. The transition points show a marked tempera- 

4* — -2 
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ture hysteresis, and from this it is deduced that alloys containing 
10 — 12% manganese cannot be magnetised. J. F. S. 

Diamagnetism in Weak [Magnetic] Fields. O. E. Friyold 
(Ann. Pkysik, 1918, [ivj, 57, 471-488).— The magnetic suscepti- 
bility of tellurium, water, sulphur, antimony, zinc, gold, and silver 
has been investigated in magnetic fields of varying strength. With 
the exception of zinc, all the elements investigated show a depend- 
ence, with respect to their susceptibility, on the strength of the 
field* for weak fields. In the case of higher field strengths, the 
susceptibility is constant except in the case of silver. The suscepti- 
bility is constant for field strengths down to 100 gauss in the case 
of zinc, to 600 gauss for gold, to 250 gauss for antimony, to 200 
gauss for tellurium, and above 600 gauss for sulphur. Silver is 
paramagnetic in weak fields, but becomes diamagnetic in fields 
above 800 gauss. In the case of antimony, tellurium, and sulphur, 
a very strong dependence on the field strength for weak fields is 
displayed. The susceptibility of gold shows a dependence on the 
field strength which is in keeping with the theory of Gauss, and 
on the basis of this theory, the number of magnetons per cu. cm. 
has been calculated and the value 1*7 x 10 14 obtained. Con- 
sequently, a magneton of gold contains 3‘65 x 10 9 atoms. 


The So called. First Quantum Theory of Planck. The 
Quantum Theory of Paramagnetism. Adolf Smekal (Am». 
i'hydh, 1918, [iv], 57, 376 — 400).— A theoretical paper in which 
three formulse are deduced to represent susceptibility. These 
formulae are tested on measurements for ferric sulphate, manganese 
sulphate, and the tetrahydrate of manganese sulphate, and a com- 
parison is made with the quanten theories of Planck. J. F. S. 


Thermal Conductivity of Neon. S. Weber (Proc. K. Akad, 
Wetensch, Amsterdam , 1919, 21, 342 — 356). The thermal con- 
ductivity of neon has been determined under various pressures by 
Goldschmidt’s method, which consists in electrically heating a wire 
in the gas and from resistance measurements calculating the rate 
of conduction. A correction is introduced for loss of heat at the 
ends of the wire. The thermal conductivity of neon at the follow- 
ing temperatures is shown to be: 105'9°, =0*0001344; ■ 

0-0001087; -74-37°, 0*0000879; and -181*43°, 0*0000499. These 
values are compared with the values calculated by means of the 
formula of Sutherland and a general formula of Maxwell. At 
is shown that, whilst there is good agreement in the second case, 
Sutherlands formula appears to be inapplicable at low tempera- 
tures. From a comparison of the thermal conductivities of argon, 
helium and neon, it appears that the reduced thermal conductivity 
of neon changes in a different manner with the reduced tempera- 
ture than the similar values for argon and helium. J. i 
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Empirical Formula for Calculating the Specific Heat of 
Water. J. Narbutt {Physikal. Zeitsch, 1918, 19, 513—514),— 
'Ejfce author has deduced an empirical formula for calculating the 
specific heat of water over the temperature range 0 — 100°. This 
formula is based on the experimental results of Ludin, Dieterici, 
Bousfield (A,, 1911, ii, 580), Callendar (A., 1912, ii, 428), and 
Barnes and Cooke, and hag the form c t = 1*00733 -0*0007416* + 
fl-000016845** -0-00000009552*3, where c 15 =l. The agreement 
between the values calculated by this formula and the best experi- 
mental values are extremely good. J. F. S. 

Calculation of the Ratio of the Principal Specific Heats of 
Benzene and cycfoHexane by Leduc’s Cyclic Method. 

G. Dejabdin ( Compt . rend., 1919, 168, 161 — 164), — Using Leduc's 
formula (compare Ann. Physique , 1915, [viii], 23, 577), the 
author finds that the value of y, the ratio of the principal specific 
heals, for benzene at 20° is y — 1106 and at 100° y = 1*116, and 
for cyclohexane between 20° and 90° is y = 1*077. Using the 
formula y = 1 + 2/(p + A), where p is the number of degrees of 
liberty relative to the kinetic energy of the molecule and A is the 
intramolecular potential energy, the author finds for benzene 
7 -Mil and for cyefohexane y = 1*083 or 1*074, according as the 
degrees of liberty are taken as 24 or 27, W. G, 

Thermochemical Studies : Simplified Formula for Calcu- 
lating the Molecular Latent Heat of Evaporation. Daniel 
Lacerlof (J. pr. Ghem., 1918, [ii], 98, 136—142). — Since all the 
author’s calculated values and also Thomsen’s experimental values 
for the heats of combustion of the hydrocarbons refer to the 
gaseous state, whilst most of the experimental values obtained by 
other authors refer to liquid or solid compounds, comparison of 
these different values requires a knowledge of the molecular latent 
heat of evaporation. The latter has been determined in hut few 
cases, and can be derived only from Deprez and Trouton’s law, 
y/ 7'= constant. For the value of this constant, van’t Hoff deduced 
the mean value 20*55 cal., whilst for non-associated liquids 
Kurbatov obtained the mean value 20*7 cal., the variation from 
the mean being at most 3 — 4%. From the equation 
=2=20*557 

(or 20* 7 T), the author derives the expressions g , = 0*02t + 5*6-{- 
0’00055i and £ = 0-02i-|-5'65-{-0'0007£, which refer to kilogram 
calories; t—T— 273. In order to arrive at an expression which 
may be easily remembered, he combines these two equations, with 
the result: q=w^ — 0*02?, + 5*6 + 0'0007i. The third, variable 
member of the right-hand side may be neglected for values of t 
numerically less than 15°. The available experimental data show, 
however, that for uninuclear, aromatic hydrocarbons a fourth 
negative member must be introduced, the equation then becoming 
w \-aji.= 0*02* + 5*6 + 0‘0007tf — (*— 80°)/300. It is not known if cor- 
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rection is needed for multinuclear aromatic hydrocarbons, since no 
experimental numbers exist. 

The values for the different terms of the above equations 
the calculated and experimental values of W' vnp . are given in tabular 
form for a large number of hydrocarbons of different kinds. The 
differences between the calculated and experimental values are 
sometimes marked, but in most cases the agreement between them 
is extremely good. T. H. P. 

Thermochemical Value of the linkings Uniting the 
Atoms in Crystals. M. Padoa (Atti R. Accad. Lincei , 1918 
[v], 27, ii, 327 — 331). — If the union of the atoms in crystalline 
networks is affected by means of valency (compare this vol., ii, 51). 
a relationship should exist between the thermochemical data and 
the values of such linkings. Since the heat of combustion of 
diamond is 94*32 Cal. per gram-atom, and CO + O — > C0 2 + 68*22 
Cal., and since the thermoehemical equivalence of the four valencies 
of carbon has been demonstrated, the difference 94*32 -68*22= 
26*10 Cal. may be taken as the heat of formation of carbon mon- 
oxide from an atom of carbon combined in diamond, and the 
difference 68*22 — 26*10 — 42*12 as the heat of disintegration of the 
carbon atom, that is, the heat-equivalent of the energy required 
to dissolve the linking holding it in the crystal. From the struc- 
ture of the diamond, it follows that with each carbon atom there 
correspond four half -valencies or two whole ones, so that each 
valency has the value 42*12:2-21*06 Cal, A similar value is 
obtained in the case of graphite. 

Each free atom of carbon gives, then, on complete combustion. 
94*32 + 42*12 = 136*44 Cal., and four free hydrogen atoms yield 
similarly four times the heat of combustion of a gram-atom of 
molecular hydrogen plus twice the heat of dissociation of the 
hydrogen molecule, that is, 4x34*35 + 2x95=327*40 Cal. Hence 
the sum 136*44 + 327*40=463*84 Cal., diminished by the observed 
heat of combustion of methane, namely, 212*70 Cal., gives 251*14 
Cal., which constitutes the heat of formation of the methane mole- 
cule from its constituent free atoms ; consequently, each C-H link- 
ing corresponds with 251*14:4 = 62*78 Cal. Similar calculation of 
the value of the C-C linkings in normal, saturated, open-chain 
hydrocarbons gives numbers varying from about 16 Cal. for the 
lower to about 18 Cal. for the higher members of the series. 

In the case of benzene, which, according to Thomsen ( a Thermo- 
chemistry,” 1908. 393. 449), behaves thermochemicallv as if it con- 
tained nine simple linkings, and thus corresponds with the centric 
formula, each of these nine linkings represents a value of 16*6 Cal 
With other cvclic hydrocarbons, increase in the number of nuclei is 
accompanied by increase in the mean number of linkings competing 
for each carbon atom, this number tending to the limiting value 2: 
at the same time, the mean value for each C-C linking increase? 
towards the value, .21*0, for graphite. With "hydrogenated hydro- 
carbons, such as rycfohexane, decahydronaphthalene, and n-octane- 
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the C-C values are somewhat higher than with the corresponding 
Don-hydrogenated ones. T. jj P 

The Heat o! Dissociation of Diatomic Gases in Relation 
to the Increase in the Value of Ja of the Dissociated 
Atoms. J. J. van Laar ( Chem , Weekblad, 1918, 15, 1124—1137). 
~The theoretical considerations of this paper are based on the 
regularities observed by the author which are found to exist when 
the values of b and sj a of the van der Waals's equation of state 
are brought into relation to the groups of the periodic system 
(A., 1916, ii, 386—387, 610; 1917, ii, 67), The values of b and 
ija for a compound are shown to be additive properties of the 
substance calculable from the values of the corresponding constants 
of the constituent elements. The value of 6 for any element is 
found to be independent of its state of combination, whether the 
element occurs free or combined in a molecule. On the other 
hand, s/a, which is dependent on the mutual attraction of the 
molecules, is subject to variation according as the atom to which 
it relates is more or less shielded by other atoms in the molecule. 
For example, the values of \J a for the carbon atom in CH 4 , silicon 
in SiH 4 , nitrogen in NII 3 , are in each case found to be zero, that 
is, the central atom exerts no external attraction. In the case of 
hydrogen, nitrogen, oxygen, and the halogens, all of which dis- 
sociate into single atoms in suitable conditions of temperature, it 
has been found that s/a is greatly increased in the monatomic 
state of the gas. »J a thus becomes a measure of the “ valency 
attraction” of the two atoms (v^A), whilst the value of s/a 
ordinarily to he attributed to the same atom in compounds repre- 
sents the “residual attraction. ” For carbon, the ratio of the two 
vu lues is 32:31. Between the two constants */A K and at 
the critical temperature, the following relation is established : 

JA k =s/a x x J(\ + £$QJT S ), 

where Q a is the energy liberated at T — 0 in the formation of one 
gram-molecule of gas from the free atoms, T K is the critical tempera- 
ture, and 9 a constant approximating to unity. The values of s/A 
for various gases (hydrogen, nitrogen, oxygen, the halogens) calcu- 
lated from this equation are in satisfactory agreement with the 
values which correspond with the position of these elements in the 
periodic arrangement. W. S. M. 

The ESect of some Simple Electrolytes on the 
Temperature o! Maximum Density of Water. Robert 
Wright (T., 1919, 115, 119—126). 

Compressibility of Aqueous Solutions, especially of 
Urethane, and the Polymerisation of Water. Theodore 
W. Richards and Sven Palitzsch (/. Amer. Chem. Sac., 1919, 
41, 59—69). — The compressibility of water and of aqueous solu- 
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tions of urethane has been carried out by the method previously 
described (A., 1912, ii, 896). The concentration was varied from 
0—56-01%, and the compressibility determined for pressures 
between 100 — 300 rnegabars. All experiments were conducted at 
20°. In addition to these determinations, the solution volume, the 
surface tension, and the viscosity of urethane solutions were also 
determined. It is shown that with rising concentration, the com- 
pressibility decreases rapidly from 43-25 x 10“ 6 (the compressibility 
of pure water) to 38*91 x 10~ 6 , the compressibility of a solution of 
34 grams of urethane in 100 grams of water. From this point, the 
compressibility increases, at first slowly and then more rapidly; 
at the highest measured concentration, 127-35 grams of urethane 
in 100 grams of water, the compressibility is 40*86 x 10~ 8 . The 
surface tension, specific volume, and viscosity showed no such mini- 
mum, and it is shown that none is to be expected. The result? 
emphasise the theory of Whiting, which ascribes polymerisation to 
water. J. F. S. 

Determination of the Compressibility of Solids at High 
Pressures. Leason H. Adams, Erskixe D. Williamson, and 
John Johnston (J. Amer. Chem. Soc., 1919, 41 , 12 — 42).— The 
compressibility of quartz, calcite, aluminium, sodium chloride, lead, 
brass, cadmium, zinc, tin, silver, copper, gold, bismuth, a tin- 
bismuth alloy, tool steel, and silica glass has been determined for 
pressures up to 12,000 megabars. The principle of the method 
employed is to compare the change of volume under pressure of 
a cylinder of the material with that of a similar cylinder of soft 
steel, the compressibility of which was considered to be 0*60 x 1(H 
cm. 2 /megadyne. In carrying out the determination, the solid, 
surrounded by a liquid such as kerosene, was enclosed in a thick- 
walled steel bomb fitted with a movable non-leaking piston, and 
pairs of simultaneous readings were made of (1) the displacement 
of the piston, that is, the volume change, and (2) the pressure. 
The piston displacement was measured to 0-01 mm. by means of 
a dial micrometer. In measuring the pressure, advantage was 
taken of the change of resistance under pressure of a therlo ” 
wire, and in order to determine the pressure to within 1 megabar. 
the resistance was measured with a type of Wheatstone bridge 
having no movable contacts. The P~bv graph for gold, copper, 
brass, silver, aluminium, and calcite, like that of steel, is linear, 
but the graph for rim/ tin, cadmium, lead, the tin-bismuth alloy, 
quartz, bismuth, and sodium chloride shows an appreciable 
curvature, thus indicating for those substances a measurable 
decrease of compressibility with increasing pressure. A compari- 
son was made of the compressibility of two alloys with that of 
their components. In the case of a simple mixture, such as the 
tin-bismuth alloy, the measurements indicate that the compressi- 
bility of mixtures the other properties of which, such as specific 
volume, electrical conductivity, and specific heat, are approxim- 
ately linear functions of the composition, is related in the same 
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simple way to the compressibility of the separate components. On 
the other hand, the compressibility of alloys of the class to which 
brass belongs is much lower than the sum of the individual com- 
pressibilities. J. p, g. 

Thermal Dissociation of Sulphur Dioxide, J. B. Ferguson 
( J . Amer. Chem. Soc 1919, 41, 69 — 72. Compare this vol., 
ii, 15). — Starting from the equilibrium constant of the reaction 
CO + iS0. 2 C0 2 + £S 2 , the author has calculated the degree of 

dissociation and the equilibrium constants of sulphur dioxide over 
the temperature range 1000 — 1500° and at pressures from 1 atm. 
to O'OOl atm. The degree of dissociation at 1500° and 1 atm. is 
found to be 5*9, whilst at 0*001 atm. it is 59. Consequently, it is 
obvious that the dissociation of sulphur dioxide is less than the 
dissociation of either carbon dioxide or water vapour. J. F. 8. 

Capillarity Constants of Pure Mercury and of Liquid 
Potassium Amalgam in Contact with Potassium Iodide 
Solutions. V. Polara ( Atti B. Accad. Lincei, 1918, [v], 27, 
ii, 322 — 327). — Gouy (A., 1892, 760) showed that the capillarity 
constant of mercury in contact with aqueous potassium iodide 
solutions assumes a maximum value somewhat less than that of 
the same metal in contact with dilute sulphuric acid (1:6 by vol.). 
This behaviour is in contradiction to Lippmann’s law, according 
to which the capillarity constant should be a function solely of 
the potential difference at the contact, aud its maximum hence 
independent of the nature of the substances in contact. By means 
of Quincke's apparatus, the author has investigated the influence 
of the concentration of the potassium iodide ou the maximum value 
of the capillarity constant of the mercury in contact with it and 
on the polarisation determining such maximum. Gradual increase 
of the concentration is found to be accompanied by progressive 
lowering in the maximum value of the capillarity constant, the 
difference for the two extreme cases (N j 10 and lO#) amounting 
to a variation of about 1 mm. in. the difference of level between 
the two limbs of the apparatus ; within the limits of sensitiveness 
of the method, the polarisation requisite for obtaining the maxi- 
mum depression does not appear to be influenced by the concen- 
tration. Depression of the surface tension of the solution by 
addition of ethyl alcohol in various proportions produces marked 
lowering of the maximum of the capillarity constant, especially for 
percentages of the alcohol not exceeding 40; for higher propor- 
tions of alcohol, the effect is less pronounced. Also, potassium 
amalgams (2 — 0*1 part of potassium per 1000 of mercury) in con- 
tact with normal potassium iodide solution exhibit a capillarity 
constant which is somewhat lower than the maximum capillarity 
constant of pure mercury in contact with sulphuric acid solution, 
and diminishes sensibly with increase of the proportion of 
potassium dissolved in the mercury, the diminution being slower 
for the more concentrated than for the more dilute amalgams. 

4** 
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Study of the variations in the density of the electric double 
layer at the contact with the polarisation by an apparatus detect- 
ing a change of 0*1 volt in the polarisation confirms the relation 
X= ~dAjdp t where X is the density of the double layer, A the 
capillarity constant, and p the polarisation. This relation may 
be brought into accord with the circumstance that the capillarity 
constant does not depend solely on the potential difference at the 
contact by assuming that the function A has the form 
A T(V — p), where S , the ordinary surface tension, is i n . 
dependent of the potential difference at the contact, but depends 
in agreement with the results obtained, on the particular condi- 
tions of the contact; T(V — p) is the symbol of a function only of 
the potential difference (F-p) existing at the contact for each 
value of the polarisation employed (^potential difference due to 
the contact and p the polarisation employed), and satisfying also 
the conditions dT/dp-X and (dT/dp) Pssr = 0. T. H. P. 

Velocity of Diffusion. Philipp Frank (Physical. Zeit&ch 
1918, 19, 516 — 520).— A mathematical paper in which formulas 
are deduced for the velocity of diffusion of gaseous molecules. The 
calculations are based on considerations of the Brownian move- 
ment, and are made in connexion with single particles and with 
the rate of advance of the “head” of a particle swarm. 

J. F. S. 

Crystal Assemblage in Relation to the Atomic Field of 
the Crystal. R. Gross ( Jahrb . Badioaktiv. Elektronik , 1918, 15, 
270 — 292).— The author uses the term “ Samme-lkrystallisation 
(crystal assemblage) to signify the transformation of a substance 
from an amorphous or sub-crystalline to a distinctly crystalline 
state. A number of examples of the phenomenon are discussed. 
One of the most striking examples is a process used for making 
tungsten filaments. The finely divided metal, obtained by reduc- 
tion of the oxide, is pressed into the form of wire and drawn 
slowly through a small heated coil at a temperature of 
2000 — 2200°. When the rate of passage of the wire through the 
heated coil is properly regulated, it becomes converted into a single 
homogeneous, elongated crystal, the rate of growth of the crystal 
being equal to the rate at which the wire is travelling. The 
particles of tungsten of which the wire is originally composed have 
a mean diameter of shout 10" s cm., and it haB been shown 1>y 
Debye (A., 1917, ii, 574) by the X-ray method that this powder 
consists of cubic, crystalline particles. Other examples of 

crystal assemblage are afforded by the increase in size of 
the crystals of many metals by annealing, by the formation of 
silver crystals from a silver sol, and by the formation, of calcite 
crystals when powdered calcium carbonate is heated under pressure. 
Some substances, for example, calcium sulphate, have a greater 
solubility than the normal when the particles in equilibrium with 
the solution are very small in size, but in course of time the solu- 
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bility falls to the normal owing to increase in the size of the 
particles. It is shown thermodynamically that the solubility 
should increase when the particles become very small, and it is 
concluded that the theory of minimum surface energy does not 
adequately explain crystal growth, since for very small particles 
the surface energy is not independent of the size. E. H. R. 

Liquid Crystals. II. Melting and Congelation Phenomena 
with p-Azoxyanisole, VV. J. H. Moll and L. 8. (Jhnstein 
[Froc. K. Akad Wetensch. Amsterdam , 1919, 21, 254 — 258). — In 
a previous paper on the extinction of liquid crystals, it was sug- 
gested that two varieties of liquid crystals of p-azoxyanisole exist, 
ex-solid (produced by melting the solid) and ex-liquid (produced 
by cooling the isotropic liquid). To confirm this point, the authors 
have determined the fusion and congelation curves of p- azoxy- 
anisole, and show from the results that there is no evidence from 
this source of the existence of two forms of liquid crystals of 
p-azoxyanisole. On the other hand, these curves show the exist- 
ence of three solid forms of this substance : p-azoxyanisole I (m. p. 
118°), p-azoxyanisole II (m. p. 104'5°), and p-azoxyanisole III 
(m. p. 116°). A fourth form, which melts at 108°, wa3 shown to 
exist in the previous paper, but this form did not appear in the 
present work, and it is now shown only to be capable of existence 
in capillary layers (between glass). J. F. S. 

Molecular Mechanism of Colloidal Behaviour. I. The 
Swelling of Fibrin in Acids. Richard C. Tolman and Allen 
E. Stearn {J, Amer. Chem . Soc., 1918, 40, 264—272).— The 
amount of swelling of blood fibrin in solutions of hydrochloric, 
nitric, sulphuric, acetic, and formic acids of various concentrations 
has been determined, as well as the amount of acid adsorbed by 
the fibrin from the solution. Similar experiments have been 
carried out with solutions of sodium chloride and with solutions 
of the above-named acids to which sodium chloride has been added. 
The data obtained are in accordance with the authors’ theory of 
the molecular mechanism of protein swelling. This theory 
embraces the following points. On account of the amphoteric 
nature of protein colloids, they possess a marked tendency to adsorb 
hydrogen ions from acid solutions and hydroxyl ions from alkaline 
solutions. In an acid solution, the adsorbed hydrogen ions, 
together with an equivalent number of anions, form a “double 
layer” on the walls of the pockets or pores in the interior of the 
gel, and this leads to swelling and the imbibition of water by 
electrostatic repulsion. The addition of a strong electrolyte to 
such a swollen colloid, either a neutral salt or excess of the strong 
acid which caused the original swelling, will furnish ions in the 
interior of the pockets which will tend to arrange themselves so 
as to neutralise the electrical fields of the adsorbed layers, and thus 
bring about a reduction of the swelling. The addition of a neutral 
salt to an acid solution tends to neutralise the electrical field of 

4** — 2 
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the adsorbed acid, and hence makes it easier for more acid to 
reach the surface of the pockets, thus leading to increased adsorp. 
tion. Salts with multivalent ions should be more effective in 
reducing swelling than salts with univalent ions, since, for example, 
a bivalent ion will take up no more room than a univalent ion 
and will be twice as effective in neutralising an existing electric 
field. No assumptions are made as to the molecular nature of the 
adsorption of the hydrogen or hydroxyl ions; the theory would be 
equally tenable if the adsorption process should lead to a fairly 
uniform coating of ions over the whole of the exposed surface, or. 
on the other hand, if the hydrogen ion should only tend to go on 
to the protein molecule at special points where there is a particu- 
larly strong stray field, for example, where the amino- and acid 
groups of the amino- acids approach one another. J. F. S. 

Colours of Colloids. Wilder D. Bancroft (J. physical Chm 
1918, 22, 601 — 630). — A theoretical paper in which the author 
discusses the nature of the colour of natural objects. The subject 
is treated historically, and the various types of colouring individu- 
ally treated. Colours are divided into two groups: (1) structural 
colours, and (2) pigmentary colours. The former group of colours 
owes its existence to the refraction, absorption, and interference 
of light. tJ. F. S. 

Degree of Dispersion of Colloids and its Determination. 

George King (J. Soc. Chem. Ind ., 1919, 38, 4 — 7t). — A short 
account is given of the slit ultra-microscope and its capabilities. 
In counting the number of colloidal particles in a definite volume 
of colloidal solution, it is necessary, owing to the rapid Brownian 
movement, to take the mean of the numbers of particles observed 
at ten momentary observations, and the solutions should be diluted 
with colloid-free medium until there are never more than four 
particles in the field at the same time. The periodic illumination 
may be effected by allowing a pendulum screen to swing in front 
of the micrometer slit, the impression of the number of particles 
seen being then very definite. The solution in the observation 
cell should be changed at least ten times, and the mean of the 
one hundred separate counts taken; further, one or more controls 
with fresh dilution should always be made. 

The paraboloid, Leitz, and Cotton and Mouton devices for dark- 
ground illuminations serve well for qualitative observation, but 
are useful only for coarse hydrosols; they are, moreover, unsuitable 
for the rapid examination of colloidal solutions, as the adjustment 
of the instrument must be disturbed for each small quantity 
observed and a fresh volume of solution introduced into the special 
microscope slide. With the cardioid ultra-microscope, it is possible 
to distinguish particles beyond the range of the old slit ultra- 
microscope, owing to the fact that the hydrosol can be more 
intensely illuminated. The slit ultra-microscope has now been 
enhanced in sensitiveness by using objectives of high numerical 
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aperture (1*05), one at right angles to the other, the front lenses, 
made of quartz, being both immersed in the hydrosol By this 
means, the size of the particles which can be counted is diminished 
from 5 ftp- to 3 ftp., whilst even smaller particles can be seen in con- 
centrated solution, but not accurately counted in dilute solution. 

With the new immersion ultra-microscope, qualitative examina- 
tions were made of solutions of peptone, starch, gelatin, agar-agar, 
and dextrin in the concentrations used by Findlay and King (T,, 
1913, 1170; 1914, 1297), but these were found to be optically clear 
under the best conditions for illumination, etc.; the refractive 
indices of the medium and colloid are doubtless nearly equal. 
Merck's ferric hydroxide is, however, countable. 

Of physiological interest is the condition of casein in cow’s milk 
and human milk. The particles in the latter are uncountable in 
the slit ultra -microscope, but they can be counted in the new 
instrument, whilst casein in cow’s milk is easily seen in the slit 
ultra-microscope. Thus it would seem that, when it is to be used 
for feeding infants, cow’s milk should be so treated as to cause an 
increase in the degree of dispersion of the casein particles; this is 
net effected by mere dilution of the milk. 

When it is necessary to determine the size of microscopic particles 
in a suspension, use may be made of Stokes’s formula, V — Fj^vtir, 
where velocity of fall, F— force acting, rj= viscosity, and 
r ~ radius of particle. Other methods which have been used are 
discussed by Henri (Trans. Faraday Soc., 1918, 47), but are not 
convenient for technical application. T, H, P, 

The System Iron- Oxygen. A. Smits and J. M. Bijvoet ( Proc . 
K. A had. Wetenseh. Amsterdam , 1919, 21, 386 — 400). — A theoretical 
paper in which the three-phase systems FeO,Fe,gas and 
Fej,0 4 ,FeO,gas are considered. The gas in question is either of 
the reducing mixtures C0 2 ,CO, or H 2 0,H. On the basis of the 
deductions drawn from the above-mentioned considerations, the 
processes operative in the blast furnace are theoretically investi- 
gated. The P.T. diagram of the system oxygen-iron is derived 
from the equilibria of the iron oxides in reducing and oxidising 
gases respectively. Calculations are made of the oxygen dissocia- 
tion tension, and these values, as was to be expected, are very 
small. J. F. S. 

Influence o! Temperature on Homogeneous Gas Reactions. 

George W. Todd and S, P. Owen (Phil. Mag. } 1919, [vi], 37, 
-524 — 230). — A mathematical paper in which from Maxwell’s dis- 
tribution theorem an expression has been deduced by which the 
number of molecules having a velocity greater than a particular 
value may be calculated. This expression has the form 
n - 2Ne ~ x 3 / tj v(x^ + J&j), 

m which n is the number of molecules per c.c. which have a velocity 
greater than c, and all the other factors have their 

usual significance. Assuming that only molecules with kinetic 
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energies greater than a definite minimum have the power to react 
with other molecules, it is shown how the velocity constant of a 
gaseous reaction varies with temperature. This is represented for 
the general case by the equation 

hjk 9l = <t>0 t l<l>0 

in which W is a constant. The general relationship for the depend- 
ence of the equilibrium constant on the temperature is also 
deduced. J. F. g. 

The Evolution and Magnetic Properties of Chromic 
Hydroxide in Alkaline Solution. F. Bourion and A. SfecHAt 

(Com.pt. rend ., 1919, 168, 89 — 91. Compare this vol., ii, 66).— 
The velocity constants for the rate of oxidation of chromic hydr- 
oxide in alkaline solution by hydrogen peroxide at 17° and 30 c 
during the first eight hours correspond fairly well with those for 
a quadrimolecular reaction. The paramagnetism of an alkaline 
solution of chromic hydroxide diminishes slowly with time, hut tie 
diminution is small and never exceeds 20%. W. G-, 

Polar and Non-polar Valency. Rajendralal Be (T., 1919, 
115, 127—134). 

Automatic Variation of Gas Pressure and its Application 
to a Vacuum Pump, Circulation of Gases [and] Magnetic 
Stirrer- 0. Maass (J. Amer. Chem. Soc ., 1919, 41, 53 — 59), — An 
apparatus is described which, when attached to a Toepler mercury 
pump, may be used for the periodic variation of gas pressure. By 
suitable adjustments, which are described in the paper, the 
apparatus may be employed for the circulation of gases and for 
working a magnetic stirrer. J, F. S. 


Inorganic Chemistry. 


Determination of the Rate of Solution of Atmospheric 
Nitrogen and Oiygen by Water. I. W. E. Adeney and 
H. G. Becker ( Sci . Proc. Roy . Buhl. 5oc., 1918, 15, 385 — 404). 
— The rate of solution of nitrogen and oxygen in distilled water, 
tap-water, and sea-water has been determined at temperatures 
between 11 ■ 3° and 12' 3° by allowing a bubble of the air to pass up a 
narrow glass tube containing the water. This affects the mixing 
of the solution and constantly exposes the air to a fresh surface of 
water. The object of the experiments was to substantiate tie 
authors’ views on the mechanism of solution of a gas in the liquid. 
Contrary to the generally accepted view, it is held that the ga3 is 
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absorbed by the surface layer, but the gases do not remain con- 
centrated here 5 they are gravitationally drawn downwards through 
the lower layers of water with comparative rapidity (compare ibid., 
1914). J. F. S. 

Flame Reactions : Selenium and Tellurium in the 
Hydrogen- Air Flame. Jacob Papish (J. physical Chent., 1918, 
22, 640 — 646). — The elements selenium and tellurium, as well as 
their dioxides and hydrides, have been introduced into the 
hydrogen air flame and the colour changes observed. At the same 
time, experiments were made to ascertain the nature of the deposit, 
if any, on a cold object introduced into the flame. Selenium di- 
oxide produces a deep blue luminescence in the inner zone, pale 
blue in the middle zone, and green in the outer zone. There was 
a deposition of selenium in the inner and middle zones, but no 
deposition in the outer zone. Hydrogen selenide produces a very 
faint blue luminescence in the inner zone, deep blue in the middle 
zone, and green in the outer zone. There was a deposition of 
selenium in the inner zone, but no deposition elsewhere. Selenium 
produces a luminescence coloured blue, violet, and , green in the 
inner, middle, and outer zones respectively ; in this case and in all 
following cases, the element was deposited in the inner and 
middle zones, but there was no deposition in the outer zone. 
Tellurium dioxide, hydrogen telluride, and tellurium all produce 
a lilac luminescence in the middle zone and a green luminescence 
in the outer zone, whilst tellurium dioxide and the free element 
produce a green luminescence in the inner zone, whereas the 
hydrogen telluride produces a blue luminescence in this region. 
Possible explanations for the differences in the various cases are 
suggested. J. F. S. 

The Constitution of Nitrous Vapours. P. Jolibois and 

A. Sanfourche ( Gompt . raid., 1919, 168, 235 — 237). — When 
nitric oxide and Oxygen are mixed at the ordinary temperature in 
the proportion of 4:1 by volume, combination is instantaneous, 
and nitrogen trioxide is formed and remains unchanged. If the 
gases are mixed in the proportion of 2 : 1 , or if an excess of oxygen 
is used, the combination rapidly reaches the stage of the trioxide, 
but after twenty seconds 34% of the peroxide i 9 formed, after 
thirty-seven seconds 68 %, and after 100 seconds 92%. If nitrous 
vapours are heated at 400°, the equilibrium tends towards the 
formation of the trioxide, with partial destruction of the nitrous 
vapours. W. G, 

The Synthesis of Ammonia at High Temperatures, m. 

Edward Bradford Maxted (T., 1919, 116, 113 — 119). 

Production of Ammonia from “ Nitrolime , n and the Time 
Yield under Various Conditions. Werner Grahmann 
(Zeitsch. Elektrochem., 1918, 24, 385 — 391). — The rate of produc- 
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tion. of ammonia from boiling mixtures of “ nitrolime > ' and water, 

(t nitrnl im A ” and sodium hydroxide or sodium carbonate of various 
concentrations t and “nitrolime” and potassium hydroxide 0 i 
carbonate of various concentrations has been determined. In 
case of “nitrolime” and water, it is shown that the rate of decom. 
position of calcium cyanamide is extremely slow in all concentra- 
tions at the boiling point and atmospheric pressure. Thus a 1% solu- 
tion is decomposed to the extent of 98% by seventy-two hours’ boil- 
ing. In the presence of sodium carbonate, the decomposition really 
amounts to the decomposition of sodium cyanamide (a) under a con- 
stant sodium hydroxide concentration, and (&) under a concentration 
of sodium hydroxide, which increases during the reaction. In the 
case of an addition of sodium hydroxide, the decomposition takes 
place under a regularly increasing concentration of the hydroxide. 
The same remarks apply to the decompositions in the presence of 
potassium carbonate and hydroxide. The presence of alkali hydr- 
oxide or alkali carbonate has an accelerating influence on the 
reaction; the velocity increases with increasing concentration of 
the added salt to a maximum, after which it remains more or less 
constant. The maximum in the case of alkali hydroxides occurs 
with much lower initial concentration of alkali than in the 
case of the alkali carbonates, for in these experiments the alkali 
concentration increases continuously from beginning to end of the 
decomposition. The experiments with potassium hydroxide and 
carbonate do not show the same maximum as the sodium com- 
pounds under similar conditions, so that, since sodium hydroxide 
and potassium hydroxide are ionised to practically the same extent, 
it must be taken that the acceleration of the decomposition velocity 
is not dependent entirely on the hydroxyl-ion concentration, but 
that the cation and the undissociated molecules also exert a specific 
action. A number of orientating experiments were carried out 
under 30 atmospheres pressure at 150°. Under these conditions, it 
is shown that, even without the addition of alkali, the decomposi- 
tion takes place very rapidly until 75% of the calcium cyanamide is 
decomposed, after which the velocity becomes much less, thus: 
in an aqueous solution 75% is decomposed in forty-five minutes, but 
only 90% is decomposed in 120 minutes. In the presence of 10% 
alkali hydroxide, 75% decomposition is reached in thirty minutes 
and 90% in seventy-five minutes. The "nitrolime M used in the 
experiments contained 16*85% of cyanamide nitrogen, 0*65% of 
dicyanodiamide nitrogen, 22*30% free lime, and 0*31% sulphur. 

J. F. S. 

Effect of Phosphine and Hydrogen Sulphide on the 
Oxidation o! Ammonia to Nitric Acid. Guy B. Taylor and 
Julian H. Capps (/. Ind. Eng . Ghem 1919, 11, 27 — 28). — Pure 
acetylene has no effect on the catalytic oxidation of ammonia to 
nitric acid in presence of platinum (compare A., 1918, ii, 265), 
the opposite results obtained earlier being due to the fact that the 
acetylene used contained small proportions of phosphine. 
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Hydrogen sulphide in low concentrations has no immediate toxic 
effect on the catalytic oxidation. [See J. Soc. Ghent. 2nd., March.] 

T. H. P. 

Oxidation of Coal. J. R. Partington ( Chem . News, 1919, 
118, 50 — 51). — The experimental results obtained by Wheeler 
(T., 1918, 113, 945) are discussed, and an alternative ex- 
planation offered. The assumption # that air is absorbed by 
freshly won coal with formation of an additive compound, such 
ag a complex oxide, is an improbable one. The facts agree better 
with the hypothesis that the process is one of adsorption, followed 
by direct formation of carbon monoxide. Carbon dioxide may be 
produced by oxidation of the carbon monoxide by moisture, or 
even by interaction of carbon and water, hydrogen being formed 
at ’the same time. The adsorption hypothesis explains the differ- 
ences observed when moist or dry air is used. In absence of 
moisture, the proportion of carbon dioxide formed would be ex- 
pected to be lower than when moisture is present. The fall of 
the ratio C0 2 /C0 with rise of temperature also follows from the 
adsorption hypothesis. E. H. R. 

The Interaction of Stannous and Arsenious Chlorides. 

Reginald Graham Durrani (T., 1919, 115, 134 — 143). 

Stable Solution of Silver Nitrate. P. Ltebert (Chem, 
Weekblad, 1919, 16, 74). — The solution of the salt is exposed to 
the light until the organic matter present is exhausted, and is then 
filtered through asbestos. The resulting solution may he kept in 
light without further alteration. W. S. M. 

. Atomic Weight of Lead from Samarskite. Arthur L. 
Davis (/. Physical Chem., 1918, 22, 631 — 639). — Using a speci- 
men of lead obtained from samarskite which contained U 3 0 8 12*21% 
and Th0 2 1*03%, the author has determined the atomic weight of 
this element. The method adopted was that of Baxter and Grover 
(A., 1915, ii, 456), and consisted in converting lead chloride into 
silver chloride. In three experiments, results varying from 
206'246 to 206*363 were obtained for the atomic weight of lead. 
Calculations made from the content of samarskite on thorium and 
uranium lead to a value of 206*06 for the lead contained in this 
mineral, whereas the experimental value is 206*30. This corre- 
sponds with a mixture of 3 parts of radio-lead and 1 part of 
ordinary lead. If it is assumed that 8% of the uranium is trans- 
formed along the actinium series to form a stable isotope of atomic 
weight 210, the value 206*38 is calculated for the atomic weight 
of samarskite lead. The experimental value, however, is in better 
agreement with the supposition that either or both of the isotopes 
of lead in the thorium series are relatively short-lived, and that 
the lead in samarskite represents a mixture of radio-lead of the 
uranium series, atomic weight 206, and radio-lead of the actinium 
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aeries, atomic weight 210. This conclusion is not in agreement 
with the value 206*04 found by Honigschmidt for the atomic 
weight of lead from crystallised uraninite (A., 1914, ii, 653). 

J. F. S. 

The Sub-acetate and Sub-sulphate of Lead. Henry George 
Denham (T., 1919, 115, 109 — 113). 

The Rusting of Iron on Contact with other Metals and 
Alloys. O. Bauer and O. Vogel (Mitt k . Materialspriif, 1918, 36, 
114 — 208), — A discussion of previous work and new experiments 
on the influence of other metals on the corrosion of iron in con- 
ductivity water, distilled water, and chiefly 1% sodium chloride 
solution. Much attention is paid to the potential difference 
between the metals and electrolyte, which was measured as follows: 
the cell, together with a millivoltmeter and a resistance of 100,000 
ohms, is placed in parallel with a standard resistance, W. A small 
current, i, is passed, which is adjusted until no deflection of the 
galvanometer is obtained, when the potential difference ~iW. A 
large number of results are given for the potential difference of 
pure metals and graphite against the normal calomel electrode. 
The contact of two metals in the 1% salt solution results in a large 
increase in the corrosion of the more electro-negative metal, that 
of the more electro-positive one being reduced. In the water this 
effect is much less marked. Rusting of iron is entirely prevented 
when a current was passed which counterbalanced the solution 
pressure in the electrolyte, so rendering the passage of the ions 
into solution impossible. For electrolytic iron in 1% sodium 
chloride solution at 18°, a minimum current density of 0*0000106 
amps, per sq. cm. is required, calculated from the formula 
(a . F)l(fej2.q$), where a is the loss of weight of the iron in 
grams, F 96,540 coulombs, Fe/2 half the atomic weight of iron, q 
surface of iron in sq. cm. exposed to attack, and s duration of 
corrosion in seconds. [See, further, J. Soc . Chem. Ind. } March.] 

F. C. Th. 

Investigation of the Crystal Structure of White and Grey 
Tin by means of X-Rays. A. J. Bljl and N. H. Kolkmrt.ter 
(Proc. K . Akad. Wetensch. Amsterdam , 1919, 21, 405 — 408).— 
The structure of the two allotropic modifications of tin has been 
investigated by means of X-rays. The method adopted was that 
due to Debye and Scherrer, and the interference photographs 
obtained indicate that Votb forms of the metal are crystalline. 

J. F. S. 

Reduction o! Osmium Tetroxide by Hydrogen Chloride. 

Otto Ruff and Susanne Mugdan (J. pr. Chem., 1918, [ii], 98, 
143 — 144).- — The conclusion drawn by Milbauer (A., 1918, ii, 202) 
that osmium tetroxide is reduced to osmium monoxide by hydro- 
chloric acid is opposed to the results obtained by Ruff and Borne- 
matm (A., 1910, ii, 305) and by Ruff and Rathsburg (A., 1917, 
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ii 323), and repetition of Milbauer’s experiments by the authors 
5 bows that the tetroxide undergoes reduction to a slight extent to 
the dioxide, but not to the monoxide; the bulk of the tetroxide 
remains unchanged in the hydrochloric acid solution. Milbauer’s 
erroneous results appear to be due to the presence in the tetroxide 
0 f impurities, although the commonest of these, namely, ruthenium 
tetroxide, behaves similarly to osmium tetroxide. T. H. P. 


Mineralogical Chemistry. 


Fibrous Quartz from Rhode Island. Alfred C. Hawkins 
Min., 1918, 3, 149 — 151).— Fibrous quartz resembling 
asbestos in appearance, and consisting of long, delicate, flexible 
fibres, fills narrow veins in metamorphic slates at several localities 
in Rhode Island. It ranges in colour from pure white to green. 
The green colour is due to the presence of admixed actinolite, as 
shown by microscopical examination and by the following analyses : 
I, green from Fenner’s Ledge, Cranston; II, white from the same 
locality; III, green from Portsmouth. 



$A 

AO,. Pe.iO s . 

CaO. 

MgO. 

HA 

C0 2 . 

S. 

Total. 

I. 

77-15 

8-72 

7-68 

0-70 

3-96 

1-40 


0*52 

100-13 

II. 

94-92 

4-56 

trace 

trace 

0-16 





99-64 

III. 

91-83 

1*61 

3.81 

0-80 

1*37 

0*70 

0-50 

0*12 

100-74 


L. J. S. 


Hambergite from Kashmir. R. C. Burton (Rec. Geol Survey 
India, 1913, 43, 168 — 172). — Crystals of hambergite, together with 
cookeite, prehnite, tourmaline, beryl, euclase (1), and amblygonite, 
have been found in the granitic debris in the Kashmir sapphire 
mines. They were probably derived from the neighbouring 
pegmatites. A description is given of a twinned crystal. Analysis 
gave : 

GIO. BA. H 2 0. Total. Sp. gr. 

52*40 [37*39] 10-21 100-00 2*36 

L. J. S. 

Phosphorite from the Island of Juan de Nova, Madagascar. 

J. Orcel (Bull. Soc . franq. Min., 1918, 41, 104— 108).— The 
phosphate deposits on the small island of Juan de Nova, or St. 
Christophe, about eighty miles off the west coast of Madagascar, 
have been formed by the action of soluble phosphates, derived from 
guano, on the underlying coral-rock. Analysis I is of brown, con- 
cretionary phosphorite, and II of brown, earthy material of prac- 
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tically the same composition. The latter is worked under the name 
" leached guano.” The analysis (I) shows an excess of 8 ' 45% CaO 
indicating the voelckerite formula 3Ca s (PCb) 2 ,CaO (A., 19io’ 
ii, 565), 


CaO. 

SrO. MgO. 

AlgOg. 

F.O, 

a. 

SO : , 

1 48-63 

0-17 1-75 

0*15 

35-56 

0 29 

0-56 

II. 46-85 n.d. 

0-38 

35-19 

0-14 

0-58 

CO,. 

Organic 

matter. 

Loss 

H. 2 0. at 110°. 

Insol. 

Total. 

I. 0-14 

1-27 

7-97 

4-00 

0-05 

100-54 

n. 

10-08 


5-32 

0-03 

98-57 


L. J. S. 


The Colour Change In Vivianite. Thomas L. Watson (Amr. 
Min. y 1918, 3, 159 — 161). — The large, pale green crystals of 
vivianite from Plant City, Florida (A., 1918, ii, 119), are non- 
pleochroic and yield a colourless powder. This powder rapidly 
changes, especially in sunlight, to deep blue, and becomes strongly 
pleochroic. An unground sample of the crystals showed FeO 
42-88%, whilst the finely ground material gave FeO 38-43%. The 
change in colour and pleochroism is thus due to the partial oxida- 
tion of the iron, and not to inversion as was at first suggested by 
the microscopical aspect of the material. A tabulation of the 
refractive indices of pale green and of dark blue vivianite from 
various localities indicates that the oxidation has been accom- 
panied by an increase in the values of jS and 7 . L, J. S. 

Copiapite in Coal. William J. McCaughey (Amer. Min., 
1918, 3, 162 — 163). — A specimen of pale green, fibrous melanterite 
from the Congo coal mine in Perry County, Ohio, changed in the 
course of a year to dull white, and the fibres became brittle. 
Yellow spots also developed, especially at the points of contact 
between the melanterite and the associated shale. This yellow 
material consists of minute, tabular crystals, and is proved by the 
following analysis and refractive indices to be copiapite, 
Fe 2 0 3 ,5S0 3 ,18H 2 0. 

SO,. Fe 2 0 3 . H 2 0, Insol, Total. a. j 9 , 7 , 

39-68 29-98 30-45 0-31 100-42 1-525 1-545 1-595 

L. J. S. 

Nasonite from Lingban, Sweden. G. Aminoff (Ge,ol For. 
Fork., 1916, 38, 473).— This mineral, hitherto known only from 
Franklin, New Jersey (A., 1900, ii, 89), has been observed at 
Langban in the veins of " secondary calcite,” where it is associated 
with schefferite, native lead, apophyllite, etc. It forms white to 
pearl-grey lamellar masses, or, less often, hexagonal prisms with 
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rounded faces. Refractive indices (Na), w- 1*9453, e = 1-9710. 
Analysis by R. Mauzelius agrees with the usual formula 
pb 4 (PbCl) 2 Ca 4 (Si 2 0 7 ) 3 . 

SiO... PbO. FeO. MnO. CaO. MgO. CL H.,0. Total. 
1823 67-67 0 04 0 14 11*29 0-20 2-90 0-24 100*71 

L. J. S. 

Anorthite from Japan. S. K6zu(&u. Rep. Tohoku Imp. Univ., 
19H, Geol. Ser., 2 , 7 — 33).- -The results are given of elaborate 
determinations of the optical constants (refractive indices, optic 
axial angle, and dispersion of the optic axes) for different wave- 
lengths of anorthite from three Japanese localities. As these show 
certain differences amongst themselves, the following analyses, by 
H. S. Washington, were made of I, anorthite crystals from 
Miyake-jima, one of $he Seven Izu Islands south of Tokyo, and 
II, crystals from the Tarumae volcano in Hokkaido. 

Si0 2 , A1 2 O s . FeA- CaO. MgO. K 2 0. Na»0. Total. Sp.gr. 

I. 44-49 36*00 0 08 19-49 0 04 0 03 0*59 100-72 2*768 

II. 44*03 35-93 0-10 18-66 trace 0-07 1-00 100-24 2-757 

Barium and strontium are absent, and the slight differences in 
composition cannot be correlated with the differences in the optical 
constants. I corresponds with Ab 3 . 9 An 95 , 4 Cg 0 . 7 and II with 
Abi.yAn^.eCg^uOrQ.g. The melting points are 1538° and 
1536° ±2° respectively. L. J. S. 

Racewinite, a New Mineral from Utah. A. N. Winch ell 
(Efon. Geol., 1918, 13 , 611 — 615 ). — Tho mineral occurs as 
veins and irregular masses in limestone, and also replacing the 
carbonate portion of calcareous sandstones, near the contact with 
porphyry in the Highland Boy mine at Bingham, Utah, where it 
is often intergrown with pyrites and other ore minerals. It is 
brownish-black with a dull to bright, lustre, and somewhat resembles 
coal in appearance. When, freshly taken from the mine, it is 
bluish-green; the change in colour to brownish-black takes place 
slowly throughout the whole mass, and after six months the largest 
pieces were altered to the centre. The mineral undergoes other 
remarkable changes in colour. In boiling nitric acid it is insoluble, 
but gradually changes to yellowish-brown and translucent. In 
hydrochloric acid, it is slowly soluble and shows the same change 
in colour. Thin splinters and particles under the microscope are 
pale to brownish-yellow. In clove-oil this colour changes first to 
grass-green and then to black, but the same change does not take 
place in cedar-oil and some other oils. The finely powdered mineral 
is nearly white with a yellow tinge. The material is coarsely 
crystalline with no cleavage or crystal-faces; it is friable and the 
fracture conchoidal, Sp. gr. 1*94 — 1*98, H 2^; optically biaxial 
with large angle and negative, n about 1*51. It adheres to the 
tongue and slakes in water, breaking up with a sharp, audible 
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sound. Analyses I and II by J. P. Hickey and C. L. Austin 
respectively : 


SiOy 

AJO s . 

FeA- 

CaO. 

MgO. 

H,0. 

Total. 

I. 43-92 

23-68 

7-37 

2- 52 

0-50 

22-04 

100-03 

II. 43-24 

23-69 

8-05 

2-42 

0-78 

21-80 

99-98 


A sample of the green, unaltered mineral showed 0*60% PeQ. 
Over sulphuric acid, 7 — 8% H 2 0 is lost in one day and 14% aft«r 
forty-nine days; this is re-absorbed from a moist atmosphere. 
Other determinations gave the loss at 70° as 8% and at 200° as 
12*1%. Heated to dull redness, the crystal structure is not 
destroyed, and the optical characters are not materially altered. 

L. J. S. 

New Swedish Minerals. Gust. Funk ( Geoi For. Fork , 1917, 
39, 426 — 452). — Ektropite forms crusts of small, brown, rect- 
angular plates on garnet with calcite and barytes in magnetite 
ore from the Norrbotten mine at L&ngban. The crystals are mono- 
clinic (a : b : c — O' 74 : 1 : 0*84, 3 — 61°5 y ) with a tabular habit parallel 
to the orthopinacoid and elongated in the direction of the axis of 
symmetry. They are opaque with a vitreous to silky lustre, but 
in thin splinters under the microscope, the material is translucent 
and yellow. D 2'46 f H 4, n l’6 l 2 — 1*63. Analysis I, by N. Saul- 
bom, gives the formula 12R0,8Si0 2 ,7H 2 0. The mineral is related 
to caryopilite and neotocite. 


SiO... 

Sb,0 6 . 

PbO. 

A1A- 

FeA 3 

. FeO. 

L 36-02 

— 

— 

0-75 

— 

5-80 

II. 7-75 

20-76 

— 

9-50 

3-58 

2-44 

III. 34-72 

— 

41-74 

— 

— 

„ 

MnO. 

CaO. 

MgO. 

HA 


Total. 

I, 37-20 

3-59 

7-20 

8-89 


99-89* 

II. 52-61 

0-58 

3-06 

0-11 


100-39 

III 217 

20*28 

0-20 

0-10 


99-90t 


* Including K,0 1<13, N&A 0-12, metallic sulphides 0*19. 
f Including BaO 0 69. 

Katoptrite occurs as tabular crystals and irregular lumps with 
magnetite in granular limestone in theBrattfor9 mine atNordmark. 
The crystals are monoclinic (a : b : c~ 0’79223 : 1 : 0*48985, j8=78°57 / ) 
and have a highly perfect cleavage parallel to the orthopinacoid 
a(100). This cleavage resembles that of mica, but the cleavage 
flakes are very brittle and not flexible. D 4*5, H 5£. The mineral 
is black and opaque with a bright metallic lustre. Thin flakes 
are red by transmitted light and strongly pleochroic. Analysis 
II, by R. Mauzelius, gives the ratios 

1 4 RO,2 ( A1 , Fe) 2 0 3 , Sb 2 0 6 , 2Si0 2 . 

The mineral resembles manganostibite in appearance, and it may 
perhaps be identical with the incompletely described hematostibite. 

Margarosanite (A., 1916, ii, 532). — This new mineral has been 
found in some quantity in the “Lukas Ort” and Bjelkes shaft at 
Langban, where it is associated with nasonite, schefferite, apo- 
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phyllite, calcite, etc. The masses, weighing up to 1 kilo., are snow- 
white with pearly lustre and columnar structure. Crystals are 
rare; these are triclinic (a\b :c=0'74998 :1 : V2849, a=74°37', 
j8 = 50°28 / , with three cleavages, that in one direction 

being highly perfect. D 4*39, H 24. Analysis III, by R. 
j^auzelius, gives the formula PbCa^SiO^. The mineral is readily 
and completely soluble in dilute nitric acid. It is perhaps a 
member of the pyroxene group. 

Thaumasite from Langban is described as loose aggregates of 
small but distinct crystals. These are hexagonal with prismatic 
habit, a:c = l :0'9479. L. J. S. 


Minerals in the Crystalline Limestone of Crestmore, 
California. Arthur S. Eakle (Bull. Dep. Qeol, Univ. California , 
1917, 10 , 327 — 360). — At Crestmore, in Riverside County, two 
hills of crystalline limestone, resting on a boss of granodiorite and 
intruded by veins of quartz-monzonite-porphyry and pegmatite, 
are extensively quarried for the manufacture of Portland cement, 
the partly decomposed granodiorite (anal. I) being used as a sub- 
stitute for clay. In one hill the limestone is a white marble 
(anal. II), whilst in the other it is composed largely of blue calcite. 
In the latter, the metamorphic processes have been more intense, 
there having also been hydrothermal action by phosphatic, siliceous, 
and carbonated solutions, and zones composed of a great variety of 
metamorphic minerals have been developed at the contacts with 
the intrusive veins. The blue calcite, which forms bands and 
patches intermixed with the metamorphic minerals, is sometimes of 
a t deep colour, fading on exposure to sky-blue. It is decolorised 
at a low heat, and the colour is thus perhaps due to organic matter. 
Detailed descriptions are given of about fifty mineral species from 
this locality, and analyses of the following. Wilkeite (A., 1914, 
ii, 283) and xanthophyllite (A., 1916, ii, 443) have been previously 
described. 

Brucite (anal. Ill) forms grey, yellow, or red granules embedded 
in the white limestone. It consists of an aggregate of twisted 
plates and threads much compressed and strained, ■ and has no 
doubt been derived from periclase (MgO) with an accompanying 
considerable (2^ times) increase in volume. Wollastonite is of 
abundant occurrence as columnar and fibrous masses; as snow-white, 
finely granular and loosely coherent aggregates (anal. IV) ; and as 
crystals of various types (anal. V of clear crystals). The distribu- 
tion of the faces on these crystals indicates that the symmetry is 
monoclinic-hemrmorphic, or perhaps triclinic. Several new crystal- 
forms are noted. The mineral is strongly triboluininescent. 
Refractive indices, ct=V614, j8=l*629, y =1*631. Idocrase as 
yellow or brown crystals and masses is also abundant; anal. VI, by 
J. B. Wright, of green idocrase. Garnet, crystals and massive, of 
a cinnamon colour occurs with the idocrase; anal. VII by J. B. 
Wright, of massive grossularite, A new analysis (VIII by 
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G. Surr) is given of the monticellite which occurs in intimai e 
association with the xanthophylbte. 

Two new species, crestmoreite and riversideite, hydrated calcium 
silicates, are described. Crestmoreite is an alteration product of 
wilkeite, and in the description of this mineral it was provisionally 
referred to as okenite (A., 1914, ii, 283), It occurs as small patches 
of earthy to compact, snow-white, and opaque material in the blue 
calcite. Under the microscope, it shows straight extinction with 
positive elongation, low birefringence, and ^3 = 1-590. Hardness 3. 
It is readily soluble in acid w’ith separation of some flocculent silica, 
although most of the silica goes into solution. Boiling water extracts 
some calcium. Water is expelled mostly at a high temperature; 
at 200° the loss is 3‘27%, and at 300° 10-27%. From the analyses 
IXa — c , a complex formula is deduced, but the phosphate, 
sulphate, and carbonate no doubt represent admixed unaltered 
wilkeite. Simpler formulae are CaSi0 3 ,H 2 0 and IHgCaSiO^HgO, 
preference being apparently given to the former. 

Riversideite occurs as narrow seams of white, fibrous material 
in massive idocrase. H=3; refractive indices, a = 1*595, y = 1-603: 
the fibres give straight extinction with positive elongation. A 
complex formula is deduced from anal. X; neglecting phosphate 
and sulphate, simpler formulae are 2CaSi0 a ,H 2 0 and 
6H 2 Ca2Si 2 0 7 ,H 2 0 , 

preference being given to the former. These two new minerals 
may be regarded as hydro-wed lastonites. 

Orthoclase, pure white material from the pegmatite, anal. XI. 
Okenite -(anal. XII, by W. Foshag) occurs as tufts of long, slender 
needles and fibres on apophyllite, which is found in cavities in 
wollastonite between the pegmatites and the limestone. The 
crystals are probably orthorhombic, ^=1’55. Prehnite occurs in 
cavities in the felspar of the pegmatites ; in addition to the usual 
green drusy type, there is also a pale brown to colourless type, 
which forms crystals or, more often, compact, granular masses. 
Anal. XIII of the brown prehnite. Laumontite (anal. XIV) as 
columnar and fibrous masses occurs on the green prehnite. 



SiO^. j 

UaQ:,. Te 2 0 3 , 

FeO, 

CaO. 

3fgO. 

P 2 0> 

so* 

COj. 

HoO. 

Total 

Sp. gr. 

I. 

60-60 

16-81 5-03 

— 

7-93 

2-08 

— 

— 

4-79 

97-08" 

— 

II. 

4-15 

1-20 

“ 

50'78 

2-50 

_ 

_ 

40-60 

99*58 



in. 


— 0"55 

— 


67-48 

— 

— 



3173 

99*76 

2*39 

rv. 

5177 

— 2*12 

— 

44*85 

~ 

— 

— 


1-02 

9976 


V. 

50*42 

— 0-51 

— 

48 29 

0-60 

— 

— 


0-07 

99-89 

— 

VI. 

86-88 

17-61 3-11 

0*46 

38'27 

4-73 

— 

— 

— 

0-61 

99-67t 
100*1 5f 

3*36 

VII. 

35*53 

21*11 3'95 

r, 'o 

36-06 

0*78 

— 

— 

— 

1-23 

3*39 

vin. 

37*46 



2 U 

35-14 

25-32 

— 

— 

— 

— 

100-86 

3*078 

IXo. 

36*12 



— . 

42-71 



2*38 

2*42 

ri6 

14*98 

99-77 

— 

m. 

38-30 




41-20 

— 

3-50 

1-25 

— 

15-17 

99-42 

— 

IXe. 

34*42 





43-54 



3*50 

2*24 

— 

16-24 

99-42 

— 

X. 

41-26 




44-58 

— 

3-84 

1*84 

— 

8-11 

90-63 

— 

XI, 

64-54 

20’86 trace 



1-86 

(race 

— 

— 

— 

0-52 

100*81 

2*54 

XII. 

56-17 



— , 

26*10 

— 

— 

— 

— 

16-83 

99-10 

2-206 

XIII. 

44-10 

24-20 — 

— 

25*20 

— 

— 


— 

5-86 

99-36 

— 

XIV, 

53-43 

22-01 — 

— 

10-80 

trace 

— 

— 

— 

13*39 

99-69 

— 


* Alkalis not determined. t Incl. MnO T60, CuO 1*06, Na^O 0’61. 
t Incl. CuO 0*70, Na. 2 0 C20. § Incl. KoO 11'86, NajO 1*18. 
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Two New Zircon Minerals— Orvillite and Oliveiraite. 

T. H. Lee (Amer. J. Sct.,.1919, [iv], 47 , 126—132; Revista da 
Sociedade Brasileira de Sciencias, Rio de Janeiro, 1917, No. 1, 
31 — 38). — The zirconia-bearing rock or ore (“ caldasite ”) of the 
Caldas region in Minas Geraes, Brazil, consists at times mainly 
0 f baddeleyite, containing Zr0 2 92%. One variety, in which the 
cavities are lined with small crystals of zircon, consists of a mix- 
ture of zircon and a new zirconium silicate, the latter being soluble 
in a mixture of hydrofluoric and hydrochloric acids. Analyses I 
and II are of the mixture, and III of material picked out under 
the microscope. The last corresponds with the formula 
8Zr0 2 ,6Si0 2 ,5H 2 0, 
and for this the name orviUite is proposed. 


Zr0 2 . 

SiO... 

TiO,. 

A1A- 

Fe 2 0 3 - 

FeO. 

H,0. 

Total. 

I. 71*88 

25-31 

0*62 

0-15 



0-43 

1*66 

99-95 

II. 85-01 

9*63 

1-52 

— 

3-57 

— 

— 

99-73 

in. 68-04 

25-45 

— 

— 

— 

— 

6-35 

99-72 


The second mineral — oliveiraite — occurs with enxenite (anal. IV) 
at Pomba, Minas Geraes. Mast of the euxenite crystals are coated 
with a yellow crust (anal. V). An analysis (VI) is also given of 
another euxenite, from Espirito Santo, which was supposed to 
contain a new element. The oliveiraite is greenish-yellow with a 
radially fibrous structure; analysis VII corresponds with 
3Zr0 2 ,2Ti0 2 ,2H 2 0. 


Ta 2 O s . 

Cb 2 O s . 

ZrO,. 

TiO,. 

UOo. 

IV. 1-46 

36-39 


25-00 

1006 

V. 

VI. 3-20 
VII. — 

52-51 

28-70 

4-23 

63-36 

25-00 

23*70 

29-92 

4-93* 

7-50 

COjOg. 

IV. 0-46 

Y,,0,. 

23-08 

PbO. 

0*14 

H 2 0. 

2-41 

Total. 

99-00 

V. ~ 

VI. — 

VII. — 

7-40 

23*12 

0-14 

11-14 

641 

0-48 

100-98 

100-12+ 

99-70 

* UOj. 

t Including iron oxide 3-12, SnO.« 

trace. 


L. J. S. 


Analytical Chemistry. 


Approximation in the Calculation of Chemical Analyses. 

G. Panebianco ( Gazzelta , 1918, 48 , ii, 189 — 206). — Independently 
of experimental errors, the accuracy of analytical results is limited 
to two or three figures by the fact that the atomic weights of the 
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elements are exact to at most four, and more usually only three, 
figures. Various examples are considered, the values taken for 
the atomic weights and their absolute errors being those of the 
international table for 1911. Since Sb = 120*2 and S = 32*07, the 
percentages of these two elements in antrmonite are 71-417 and 
28*582 respectively. If, however, the values 120-2±0*3 and 
32*07 ±0*01 are employed in the calculation, the limiting p er . 
centagea for the antimony are 71*730 and 71*106, the absolute 
error being 0*5 (71*730—71*106); similarly, for the sulphur, the 
absolute error is 0*06%. Hence the percentage of antimony is 
accurate to only two figures, namely, 71, and that of sulphur to 
three figures, namely, 28*5, 

The relative error, E, of an atomic or molecular weight may he 
expressed in the form of a fraction with 1 as numerator and some 
multiple of a power of 10 as denominator, that is, 1/A.lO. 
If, then, the value of this fraction is known relatively to an 
approximate number, of which the first significant number to the 
left is p, this number will have n figures exact if h is equal to or 
less than p, or (rc+1) figures exact if h is greater than p. Thus, 
for antimony with the atomic weight 120*2 and an absolute error 
e equal to 0*3, #<1 /4 . 10 2 ; for antimony trisulphide, 

7?<(2 x 0*3 + 3 x 0*l)/(2Sb + 3S) = 0 , 63/333*61<l/5 . 10 s , Further, 


for 100 SSb/(S»b + 38), E X <E X + E= 

1/4.10*+ 1/5. 10 2 = 9/20. 1/1 0*<1 /2. 1 0 2 , 

and since 100 2ttb/(2Sb + 3S)» 71*417* and 2 is less than 7, only two 
digits, namely, 71, are accurate; similarly, for the percentage of 
sulphur, three digits are accurate. 

A table is given showing for the atomic weights of the elements 
the absolute and relative errors. None of the latter is greater 
than 1/10 2 , and since for a compound the relative error must be 
less than the greatest of the relative errors of its constituent 
elements, such relative error of the molecular weight may be less 
than 1/10 2 . 

The number of accurate digits in the percentages of the con- 
stituent elements of a compound may be rapidly established with- 
out calculation by application of the rule stating that the number 
of accurate digits of a quotient or product is one less than that of 
the term with the least number of accurate digits. Since no atomic 
weight has more than four digits exact, the percentage of any 
element or group of elements in a compound cannot have more 
than three digits accurate; further, such percentage cannot have 
less than two digits accurate (see above). 

These considerations are extended by taking into account the 
weight of substance taken for analysis and the sensitiveness of the 
balance, the calculation of the error being employed to determine 
the minimum quantity of substance necessary to give the maximum 
accuracy in the digits of the percentage composition. T. H. P. 
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The Estimation of Solutions of Hydrochloric Acid and of 
Ammonia by Weighing Ammonium Chloride, and the 
Volatilisation of this Salt at Different Temperatures. 

Victob Augeh (Bull. Soc. chim.y 1918, [iv], 23, 467 — 472). — A 
reply to Villiers (compare A., 1918, ii, 332). W. G. 

Estimation of Phosphorus and Silicon in Cast Iron. 

Alfredo Cavazzi (Annali Ghim. Appl ., 1918, 10, 137 — 149). — 
The method of estimating phosphorus in cast iron (A., 1917, ii, 540) 
has been simplified in many of its details. The mixture of ferric 
sulphate with silica and carbon, separated as described, is boiled 
for about thirty minutes with dilute nitric acid (1:5) in a beaker 
over which is placed a retort containing cold water to act as a 
reflux condenser. The solution of ferric sulphate is filtered, the 
residue washed with water, acidified with nitric acid, and the 
orthophosphoric acid in the filtrate precipitated by means of 
ammonium molybdate. The precipitate is washed, dissolved, re- 
precipitated, and dissolved in ammonia solution, as described in 
the original method, and the solution is boiled with 3 grams of 
sodium chloride in order to precipitate any remaining iron as 
ferric phosphate. The precipitate is washed with boiling sodium 
chloride solution and fused with alkali carbonates, the mass treated 
with boiling water and filtered, and the filtrate acidified with nitric 
acid, treated with ammonia in slight excess, and added to the main 
solution. The phosphoric acid is then precipitated with magnesia 
mixture. The silica is estimated in an aliquot portion of the 
residue of carbon and silica by ignition over a blowpipe flame in 
a platinum crucible. [See also J. iS 'oc. Ghem. lnd. } 1919, March, j 

C. A. M. . 

Estimation of Arsenic in Ferro-molybdenum and other 
Alloys. 0. Binder (Chem. Zeit. r 1918, 42, 619). — The estimation 
of arsenic in ferro-molybdenum and similar alloys may be 
accelerated by carrying out all the operations in a long-necked 
Kjeldahl flask. The alloy is dissolved in nitric acid, the solution 
heated with sulphuric acid until acid fumes no longer appear, and 
then diluted, and the arsenic distilled from the same flask in the 
form of arsenious chloride. C. A. M. 

Accurate Estimation of Carbon Monoxide in Gas Mix- 
tures. J. Ivor Graham (J. Soc. Chem. Ind., 1919, 38, 10 — 14t). — 
The author’s experiments show that methods of estimation of 
carbon monoxide based on the reaction 5C0 + I,?0 5 = 5C0 2 -t-L are 
capable of yielding exceedingly accurate result® if certain precau- 
tions are observed. Two modes of procedure are adopted for the 
routine estimation of this gas, according as («) the carbon mon- 
oxide content exceeds 0*2% and an accuracy of 0-02% is sufficient, 
or (&) the carbon monoxide content is about, or less than, 0 2% 
and a greater degree of accuracy than 0*02% is required. . For the 
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analysis of samples as under (a), the apparatus described hv the 
author and Winmill (T., 1914, 105 , 1996) is modified, mainly by 
replacing the beaker of water used for heating purposes by a small 
steam-bath, all burette readings being taken with the U-tube at 
the constant temperature of the steam-bath. Descriptions and 
sketches are given of the apparatus and of a portable form capable 
of estimating very much smaller quantities of carbon monoxide 
accurately to within less than O' 01%. The latter apparatus is 
varied slightly according as it is to be used in safety pits or in 
<f naked-light" pits or other places. T. H, P. 

Rapid Organic Combustions of Substances containing 
Nitrogen. Harry L. Fisher and A. H. Wright (/. Amer. Chm. 
ffoc., 1918, 40. 868 — 869). — Renner (A., 1915, ii, 578) has used 
cerium dioxide as a catalyst in the combustion of organic sub- 
stances; cupric oxide is also employed, and, by the addition of 
lead peroxide and minium, carbon and hydrogen can be estimated 
in substances containing nitrogen. To prevent formation of cuprir 
nitrate, the layer of cupric oxide must he maintained at a dull red 
heat ; the lead peroxide-minium mixture is placed in the combus- 
tion tube about 5 cm. beyond the cupric oxide, and is heated a! 
300 — 320°. Several successive combustions may then be made in 
the same tube without changing the cupric oxide. W. P. S. 

Methods of Water Analysis. Atjlio A. Bado, Victor J, 
Bernaola, Aurelio F. Mazza, and Leopoldo Das so (Ob m 
Sanitarian de la Nacidn, Buenos Aires, 1918, 98 pp.). — A mono- 
graph giving a detailed account of the chemical and microbio- 
logical analytical methods in use in the Laboratorio de Analisis 
de Aguas y Ensayos de Materiales de las Obras Sanitarias de la 
Nacion of Buenos Aires for the examination of potable waters. 

W. S. M. 

Rapid Method of Reduction of Potassium Platinichloride. 

Uorsch (Compt. revd 1919, 168 , 167 — 169). — In the estimation 
of potassium, the precipitate of potassium platinichloride, after 
being well washed with 80% alcohol, is dissolved in boiling water 
and the solution transferred to a weighed platinum crucible. Two 
to three c.c, of alcohol are added, and the whole heated on a rapidly 
boiling water-bath for twenty-five minutes, after which a few more 
drops of alcohol are added and the heating continued for five 
minutes. In this way, the platinum is deposited gradually and uni- 
formly on the interior surface of the crucible, and is quite adherent. 
The liquid is poured out, the deposit washed with water, and the- 
crucible is dried, ignited, and weighed. During the ignition, the 
deposit turns from black to a shiny, metallic appearance, and 
remains adherent. For the process, it is essential to use a platinum 
crucible, as the reduction only takes place in the - presence of 
platinum, and the concentration of the potassium platinichloride 
solution must not exceed 0*25--0*30%, W. O. 
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Gravimetric Analysis. IX.— XI. Estimation of Calcium 
in the Presence of Phosphoric, Arsenic, and Boric Acids. 

L. W- Winkler ( Zeitsch . angew. Ghem. f 1919, 32, i, 24). 

Calcium is precipitated quantitatively as oxalate in solutions con- 
taining phosphoric, arsenic, and boric acids provided the solution 
is hot and that acetic acid and ammonium chloride are present. 
The following procedure is recommended. About 50 c.c. of solu- 
tion, containing not more than 0*1 gram of calcium, are made 
slightly alkaline by the addition of ammonia, drop by drop. The 
solution is diluted to 100 c.c., and 3 grams of ammonium chloride 
added and allowed to dissolve; the solution is then acidified 
with 10 c.c. of A T -aeetic acid, and the calcium is precipitated as 
oxalate as prescribed for the pure solution. The last traces of 
precipitate may be removed from the beaker by means of a little 
pure methyl or ethyl alcohol, which is then poured on to the edges 
of the filter so as to wash them. The result may be corrected by 
a blank using a pure calcium salt. If a considerable portion of 
arsenic or phosphoric acid is present, a double precipitation is 
desirable, the first precipitate being allowed to remain overnight, 
collected, washed with ammonium oxalate solution, ignited, the 
residue dissolved in hydrochloric acid, and the calcium oxalate re- 
precipitated as before. A. B. S. 

Rapid Estimation of Lead in Brass and Alloys. G. H. 

Hodgson ( Chem . News, 1919, 118, 37 — 38). — A gravimetric and 
a volumetric method for the rapid estimation of lead in brass and 
similar alloys are described. The gravimetric method consists in 
precipitation of the lead as chromate from an acetic acid solution, 
conversion into sulphate, and finally weighing as molybdate. Five 
grams of the alloy are dissolved in 25 c.c. of nitric acid (D 1‘4), 
the solution diluted with 200 c.c. of water, and sufficient aqueous 
ammonia (20 c.c., D 0’88G) added to precipitate all the copper. 
Sufficient 80% acetic acid is then added to product a clear, slightly 
acid solution, and 10 c.c. of 3% potassium dichromate are added, 
the mixture shaken, and kept for one hour. The precipitated lead 
chromate is filtered on a paper pulp pad and washed to remove 
the copper; hot douches of 30% sulphuric acid are poured on to 
the pad until the precipitate is entirely white. The sulphate is 
then washed with water. The lead sulphate is now dissolved by 
pouring about 40 c.c. of hot ammonium acetate solution contain- 
ing acetic acid through the filter. The solution is raised to the 
boiling point and treated with ammonium molybdate. The pre- 
cipitate is allowed to settle, filtered through an ashless paper pad, 
washed with water containing a little ammonium acetate, ignited, 
and weighed as lead molybdate. The whole process may be com- 
pleted in four hours. The volumetric process consists in precipita- 
tion of the lead as chromate, as described above; the chromate pre- 
cipitate is washed with water and warm dilute acetic acid (5%) 
until free from copper and the excees of potassium chromate. The 
chromate is dissolved by pouring 1 : 4 hydrochloric acid on to the 
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precipitate, and the pad finally washed with water to wash all 
chromic acid through. The free chromic acid may be estimated 
by titration with iV/10-ferrous ammonium sulphate solution or bv 
adding 10 c.c. of 10% potassium iodide solution and titrating the 
liberated iodine with N( 10-sodium thiosulphate solution. The 
whole process may be carried out in two hours. Both methods 
have been compared with the gravimetric sulphate method, and 
found to give results in excellent agreement with those obtained 
by the better known method. J. F. S. 

Unification of Methods for the Analysis of Cast Iron and 
Steel. A. Marinot (Ann. Ckim. anal., 1919, [ii], 1, 5 — 10).— The 
following methods are suggested as being trustworthy. Total 
carbon may be estimated by Wiborg’s method (combustion with 
sulphuric acid and chromic acid), by the ordinary method of com- 
bustion, or by the method described by Mahler and Goutal (A., 
1912, ii, 807). Manganese is estimated by Traveris method (A. f 
1917, ii, 511), and phosphorus by the molybdate method. Sulphur 
ia liberated as hydrogen sulphide in an atmosphere of carbon 
dioxide, collected in zinc acetate solution, and estimated iodo- 
metrically. Arsenic is also estimated iodometrically after distilla- 
tion. [See, further, J, Soc. Chem . lnd., March.] W. P. S. 

Direct Estimation of combined Ferric Oxide in Silicates 
Insoluble in Acids. O. Hackl (Chem. Zeit., 1919, 43, 9).— 
Knecht’s volumetric method of estimating ferric salts by titration 
with titanous chloride, using potassium thiocyanate as indicator, 
is not directly applicable to silicates which have been decomposed 
with hydrofluoric acid. The influence of a small amount of this 
acid in preventing the appearance of the colour reaction with thio- 
cyanate may be obviated by dissolving boric acid in the solution. 
This also restores the colour of ferric thiocyanate which has been 
destroyed by hydrofluoric acid; or methylene-blue, the colour of 
which is not affected by traces of hydrofluoric acid, may be used as 
indicator in place of potassium thiocyanate. C. A. M. 

Estimation of Molybdenum. Kuno Wolf (Zeitsch. angev. 
Chem., 1918, 31, i, 140). — When molybdenum is separated as its 
sulphide, and the latter then converted by ignition into molyb- 
denum trioxide and weighed, the temperature during the ignition 
should not exceed 425°. The conversion of the sulphide into tri- 
oxide is complete ar^OO 0 ; no further change takes place between 
400° and 450°, but above 450° the trioxide sublimes. The correct 
temperature (400 — 425°) is most readily attained by using an 
electric furnace. W. P. S. 

Emanation Method of Estimating’ Thorium. G. H 

Cartledge (J. Amer, Chem. Soc., 1919, 41, 42— 50).— It is shown 
by circulating a current of air through a thorium solution 
and an ionisation chamber until the activity has become constant 
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that the thorium content of any substance, which can be dis- 
solved completely, may be estimated with an error which is not 
greater than 1-5%. In making the determination, it is advisable 
to draw air through the solution for some minutes, before connect 
ing to the ionisation chamber, for the purpose of removing any 
radium emanation which may be present. It is also essential that 
the dimensions of the apparatus used should be the same in all 
experiments and that the temperature should be as nearly as 
possible the same. The method has been tested with a specimen 
of monazite sand, and it is found by this method that 8*61% of 
thorium oxide is present, whereas the gravimetric analysis indicates 
8*57%. Details are given of a method of preparing a solution of 
monazite for this analysis. Two notes on the gravimetric analysis 
of monazite are appended to the paper. Carney and Campbell 
(A.', 1914, ii, 583) use ammonium perchlorate and sulphuric acid 
for the destruction of the filter paper and the conversion of thorium 
pyrophosphate into thorium sulphate. This process may be carried 
out in one-half the time by using sulphuric acid and fuming nitric 
acid (D 1*53) instead. It is shown that the practice of using a 
slightly turbid, unfiltered solution of monazite in the analysis leads 
to high thorium results, since the titanium oxide is weighed along 
with the thorium. J. F. S. 

Estimation of Gold, especially in Animal Tissues. 

Sidney M. Cadwell and Gladys Leavell (J. Amer. Chem. 
Soc., 1919, 41 , 1 — 12). — With the object of finding a method cap- 
able of estimating the amount of gold present in tissues, the authors 
have investigated the methods available for the estimation of gold, 
and have devised a method which, with a maximum error of 
0 05 mg., is capable of estimating amounts of gold of 3'0 mg. and 
less. This method was required in connexion with the gold salt 
treatment of tuberculosis, and consists in placing 10 grams of fresh 
tissue in a 300 c.c. Kjeldahl flask, adding 10 c.c. each of concen- 
trated sulphuric and nitric acids, and digesting over a free flame 
until the cooled solution is colourless. Air is then blown into the 
flask, and the mixture again heated until the volume of solution 
is reduced to 2 c.c. ; this procedure removes most of the sulphuric 
acid. One c.c. each of hydrochloric and nitric acids is then added 
and the mixture boiled for a few minutes, and then a further c.c. 
of hydrochloric acid added. The solution is cooled, diluted with 
a c.c. of water, and concentrated ammonium hydroxide added until 
the colour is discharged, and then an excess of 2 c.c. The mixture 
is boiled, and the white precipitate which forms at this point dis- 
solved by adding 5 c.c. of concentrated hydrochloric acid and boil- 
mg for three minutes. The solution is filtered through asbestos 
on an alundum plate, and the filtrate treated with ammonium 
hydroxide until it smells distinctly of ammonia. The volume of 
the solution should be now about 40 c.c. ; IT c.c. of 85% phosphoric 
acid and 0‘75 gram of disodium hydrogen phosphate are added, 
a nd the solution electrolysed. A rotating anode and a cathode of 
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platinum sheet are used. The difference of electrode potential 
should be 0*9 — 1*2 volts, and the most efficient temperature is 60°. 
The method has been slightly modified to allow of its use for larger 
quantities of gold. By the addition of 6 grams of ammonium 
chloride to prevent precipitation, 30 to 40 mg. of gold can be 
electrolysed at 60°, with a voltage of less than 0‘6 volt for the first 
thirty to forty-five minutes and below 1*3 volts for the remainder 
of the time, complete deposition usually requiring one and a-half 
hours. Under the conditions stated, gold can he completely 
separated from equivalent amounts of copper and iron, but the 
time required for electrolysis is greater than when these substances 
are not present. It makes very little difference whether the electro- 
lysed solution is neutral or much more acid than stated above. 
The average time required for carrying out a complete analysis of 
gold by this method is less than two hours. J. F. S. 

Quantitative Estimation of Sugar. A New Apparatus for 
the Estimation of Sugar in Urine. H. Citron (Miinck med. 
Woch., 1918, 65, 1053; from Chem. Zentr., 1918, ii, 869). — The 
author describes a simple apparatus for the estimation of sugar in 
urine according to Bang's method. H. W. 

Quantitative Colorimetric Estimation of Pentosans 
Meal. G. Testoni (Staz. sper. agr . Ital . , 1917, 50, 97 — 108 ; from 
Chem. Zentr., 1918, ii, 865 — 866). — The method of Tollens and 
Krueger gives high results, because the starch is slowly but con- 
tinuously converted into furfuraldehyde. Sucrose, maltose, and 
dextrose when heated with hydrochloric acid of the prescribed con- 
centration also yield distillates from which phloroglucides are 
obtained. The hexoses, starch, and cellulose cause incorrect results 
in the estimation of methylpentosans, since, when treated with 
dilute mineral acid, they give, as intermediate product, to- hydroxy- 
methylfurfuraldehyde, which yields a phloroglucide, m. p. 95°, 
soluble in alcohol. 

The author has therefore endeavoured to find a process by which 
the pentosans can be converted into pentoses easily identified by 
colour reactions, whilst the other constituents of the meal are 
not attacked in a vitiating manner. The most suitable reagent 
is a mixture of acetic acid (90 c.c.) and concentrated hydrochloric 
acid (D 1' 19, 10 c.c.) at 45 — 50°. On addition of 0’25% phloro- 
glucinol to this mixture, a red solution is obtained, which remains 
clear even when diluted with one hundred times its volume of 
water, and has w *>11 -marked absorption bands in the red, yellow, 
and blue. Different varieties of starch, dextrins, and different 
sugars have no influence on the reaction, whilst pentoses alone and 
in artificial mixtures are quantitatively found. The pentosans, 
even those contained in clover, are completely hydrolysed when 
heated for forty-five minutes with the reagent. H. W. 

Action of Potassium Cyanide on Ammonxacal Copper 
Sulphate and its Application to the Estimation of Hydro- 
cyanic Acid and Copper. L. Jennesseaux (Ann. Ghim. anal, 
1919, [ii], 1, 15 — 20).— Lassaigne's test for hydrocyanic acid (form- 
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atioii of a white precipitate when a cyanide solution is treated 
with a drop of copper sulphate solution, then with sodium hydr- 
oxide solution, and the mixture acidified with sulphuric acid) may 
be rendered more sensitive if the copper sulphate solution is first 
treated with sodium hydrogen sulphite in quantity sufficient to 
change the colour from blue to green. When potassium cyanide 
solution is added to ammoniacal copper sulphate solution, a crystal- 
line precipitate forms having the composition 
2Cu 2 (CN) 2 ,Cu(CN) 2 ,4NH s . 

Further addition of cyanide then causes the solution to become 
colourless, and the precipitate dissolves. This point is reached 
when a definite proportion of cyanide has been added, and the 
reaction may be used for the estimation of hydrocyanic acid, and, 
conversely, of copper. The copper sulphate solution used should 
contain 4'99 grams of the crystallised salt per 100 c.c.^ and this 
polution is mixed with 80 c.c. of N j 1-ammonia and 20 c.c. of water; 
10 c.c. of the mixture is a convenient quantity to take for an 
estimation. [See, further, J. Soc. Ghem. Ind., 1919, March.] 

W. P. S. 

Opium Analysis. D. B. Dott (Pkarm. J. } 1918, 101, 318). — 
The author deals with certain criticisms by Annetfc and Singh (A., 
1918, ii, 279) on the British Pharmacopoeia method for the assay 
of opium by the lime-water process. Whatever may be the solvent 
influence of codeine on morphine in aqueous solution, the condi- 
tions of the assay process are entirely different, in that sufficient 
ether is added to hold in solution all the codeine possibly present. 
Moreover, the author has checked the alternative method proposed 
(loc, cit.) } consisting in shaking the lime-water solution of the 
alkaloids with toluene to remove the codeine before precipitating' 
the morphine by the official process. This alternative method 
(using benzene instead of toluene) gave a morphine precipitate 
heavier in weight and showing a higher titration value, but 
obviously less pure than the morphine prepared by the standard 
method. When the impurities were removed by washing with 
80% alcohol saturated with morphine, the morphine prepared by 
the new process was no more than that prepared by the Pharma- 
copoeia process, and there is no reason for altering the latter in the 
direction indicated by Annett and Singh. J. F. B. 

Separation and Estimation of Uric Acid and other 
Purines in Urine. F. Telle {Bull. Sci. Pharmacol, 1918, 25, 
208 — 211; from Ghem. Zentr., 1918, ii, 770).— The uric acid is pre- 
cipitated by the addition of solid ammonium chloride and ammonia 
to the acid urine, and, after collecting on a small filter, estimated 
by titration with permanganate in the presence of sulphuric acid. 
The purines in the filtrate are estimated by Deniges’s method. 

H. W. B. 

Quick Estimation of Albumin (in Urine). A. Simon and 

C. Pagel (Bull. Sci. Pharmacol ., 1918, 25, 204 — 208; from Ghem . 
Zentr. f 1918, ii, 767), — The urine is treated with saturated sodium 
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sulphate solution and two or three drops of acetic acid, and is then 
heated until the albumin separates in flocks. By means of the 
diaphanometer described in the original paper, the height of the 
liquid is determined at which a line drawn on the bottom of the 
vessel is no longer discernible. The amount of albumm m the urin e 
can then be read off from the accompanying table. H. . B. 

Estimation of Urobilin in Urine. S. Marcussen and Svsm, 
Hansen (/. Biol. Chem 1918, 36, 381— 389).— The presence of 

urdbilin in urine may be readily detected by the following modifi. 
cation of Schlesinger’s test. One gram of zinc acetate is weighed 
into a testrtube, and 10 c.c. of absolute alcohol are then added; 
10 o.c. of the urine are placed in another test-tube, to which awe 
added three drops of a 5% alcoholic solution of iodine. The con- 
tents of the two test-tubes are then mixed by repeated decantations 
until all the zinc acetate has dissolved. After filtering off the 
precipitate, the filtrate is found to be fluorescent if urobilin or 
urobilinogen was originally present in the urine. 

By diluting the urine until fluorescence is no longer obtainable, 
a rough idea is furnished of the quantitative relationship of the 
urobilin. H - W - B - 

The Estimation of the Nuclein Content of Yeast. 

C. A. Lubsen (Pharm. Weekbla-d, 1918, 55, (50), 1625 — 1628). — 
The hydrolysis of nuclooproteins by hydrochloric acid-pepsin solu- 
tions yields soluble albumins and an insoluble residue of nucleins; 
the latter contain 4—7% of phosphoric acid, representing the whole 
of the phosphorus present in the nucleoprotein. Further hydro- 
lysis, for example, by trypsin, yields another albumin group, 
together with a nucleic acid. In "analysing foodstuffs for nuclein 
content. Jebbink employs the pepsin-hydrochloric acid hydrolysis, 
using a solution containing 024% HC1, and determines the phos- 
phorus in the insoluble residue of nuclein, using this as a measure 
of the nuclein content. Grijns criticises this method on the ground 
that so strong a solution of hydrochloric acid would cause further 
hydrolysis of the nuclein to the soluble nucleic acid, thus leading 
to low results. 

The author has examined the question by* carrying out experi- 
ments with yeast, using ■ pepsin-hydrochloric acid solutions con- 
taining various proportions of hydrogen chloride. He finds that 
the weak solution (0 f l% HC1) recommended by Grijns gives low 
results, owing tc the slowness of the hydrolysis, whereas Jebbmks 
solution (0*24% HC1), and even stronger solutions (0*35% HC1), gives 
accurate results. It is therefore clear that the nucleins are not 
further hydrolysed by acid solutions of this strength, and Grijns s 
contention appears to have been wrongly based on the assumption 
that hydrolysis proceeded to the soluble nucleic acids. S. I. h- 




